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Methods for the Storage and Synthesis of Nucleic Acids using 

Support 

CROSS-REFERENCE TO RELATED APPLICATIONS 



The present application claims the benefit of U.S. Provisional 
Application No. 60/175,307, filed January 10, 2000, the disclosure of which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 



Field of the Invention 

10 The present invention relates to the field of molecular biology. In 

particular, the present invention relates to the fields of storage, synthesis and 
amplification of nucleic acids. Specifically the invention relates to storage of 
RNA (particularly mRNA) on a solid matrix or support and to manipulation of 
the RNA by a number of molecular biology techniques including RT-PCR and 

15 cDNA synthesis (particularly cDNA library synthesis). 



RelatedArt COPY 

The disclosures of the following applications were incorpor ated hv 
reference into U.S. Provisional Application No. 60/175307. file d January 10, 
5 2000, and are incorporated by reference into the present applica tion: United 
States patent application serial number 09/054,485. filed Apr il 3. 1998, now 
abandoned, which claims priority of U.S. provisional application 60/042,629, 
field April 3, 1997, and the continuing application of 09/054,485, United 
States patent application serial number 09/472,066, filed Decemb er 23, 1999, 
10 now U.S. Patent 6,495,350, issued December 17, 2002; United States patent 
application serial number 09/076,1 15, filed May 12, 1998. which claims 
priority of U.S. provisional application 60/046,219, filed May 12, 1997; 
United States patent application serial number 09/354,664, fi led July 16, 1999, 
now U.S. Patent 6,750,059, issued June 15, 2004; and United States 
15 provisional application serial number 60/122,395, filed March 2, 1999. 

Storage of Nucleic Acids 

For many projects, generation of numerous DNA samples from 
20 biological specimens is routine. Handling and archiving a large collection can 
become a logistical problem for the laboratory. One solution, used in forensic 
labs, is the blood-storage medium FTA® Cards. The FT A® GeneCard is a 
chemically-treated filter paper designed for the collection and storage of 
biological samples for subsequent DNA analysis (1-3). It is suitablefor 
25 storage of blood samples, as well as mammalian cells and tissues for PCR 

analysis and other genomic DNA applications (4). It is useful for recovery of 
plasmid DNA for PCR and transformation from archived bacterial cultures 
and colonies (5-6), as well as for storage and recovery of Ml 3 phage for DNA 
sequencing applications (M. Goldsborough, personal communication). 
30 An FTA® Card can be used to store genomic DNA in the form of 

dried spots of human whole blood, the cells of which were lysed on the paper. 
Stored at room temperature, genomic DNA on FTA® paper is reported to be 
stable at least 7.5 years (Burgoyne, et aL, Conventional DNA Collection and 
Processing: Disposable Toothbrushes and FTA®Paper as a Non-threating 
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International Symposium on Human Identification, September 17-2C 
Before analysis of the captured DNA, a few simple washing steps refnove die 
stabilizing chemicals and cellular inhibitors of enzymatic reactions. Since the 
DNA remains with the paper, the manipulations to purify the DNA are 
simplified and amenable to automation. DNA samples on FT A® Cards offer a 
very compact archival system compared to glass vials or plastic tubes located 
in precious freezer space. Storage of RNA on dry solid medium is also 
described (see Burgoyne, U.S. Patent No. 5,976,572). 



10 
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Reverse Transcription of RNA 

The term "reverse transcriptase" describes a class of polymer 
characterized as RNA-dependent DNA polymerases. All known reverse 
transcriptases require a primer to synthesize a DNA transcript from an RNA 
5 template. Historically, reverse transcriptase has been used primarily to 

transcribe mRNA into cDNA which can then be cloned into a vector for 

t 

further manipulation. 

Avian myoblastosis virus (AMV) reverse transcriptase was the first 
widely used RNA-dependent DNA polymerase (Verma, Biochem. Biophys. 

10 Acta 473:1(1977)). The enzyme has 5'— 3' RNA-directed DNA polymerase 
activity, 5'— »3' DNA-directed DNA polymerase activity, and RNase H 
activity. RNase H is a processive 5' and 3' ribonuclease specific for the RNA 
strand for RNA-DNA hybrids (Perbal, A Practical Guide to Molecular 
Cloning, New York: Wiley & Sons (1984)). Errors in transcription cannot be 

1 5 corrected by reverse transcriptase because known viral reverse transcriptases 
lack the 3'— >5' exonuclease activity necessary for proofreading (Saunders and 
Saunders, Microbial Genetics Applied to Biotechnology, London: Croom 
Helm (1987)). A detailed study of the activity of AMV reverse transcriptase 
and its associated RNase H activity has been presented by Berger et al, 

20 Biochemistry 22:2365-2372 (1983). 

Another reverse transcriptase which is used extensively in molecular 
biology is reverse transcriptase originating from Moloney murine leukemia 
virus (M-MLV). See, e.g., Gerard, G.R., DNA 5:271-279 (1986) and 
Kotewicz, MX., et al, Gene 35:249-258 (1985). M-MLV reverse transcriptase 

25 substantially lacking in RNase H activity has also been described. See, e.g., 
U.S. Patent No. 5,244,797. 

PCR Amplification of RNA 

Reverse transcriptases have been extensively used in reverse 
30 transcribing RNA prior to PCR amplification. This method, often referred to 
as RNA-PCR or RT-PCR, is widely used for detection and quantitation of 
RNA. 
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To attempt to address the technical problems often associated with 



PCR, a number of protocols have been developed taking into accoun 
basic steps of the procedure: (a) the denaturation of RNA and the 
hybridization of reverse primer; (b) the synthesis of cDNA; and (c) PCR 
5 amplification. In the so-called "uncoupled" RT-PCR procedure (e.g. , two-step 
RT-PCR), reverse transcription is performed as an independent step using the 
optimal buffer condition for reverse transcriptase activity. Following cDNA 
synthesis, the reaction is diluted to decrease MgCl 2 and deoxyribonucleoside 
triphosphate (dNTP) concentrations to conditions optimal for Taq DNA 

LO Polymerase activity, and PCR is carried out according to standard conditions 
(see U.S. Patent Nos. 4,683,195 and 4,683,202). In contrast, "coupled" RT- 
PCR methods use a common or compromised buffer for reverse transcriptase 
and Taq DNA Polymerase activities. In one version, the annealing of reverse 
primer is a separate step preceding the addition of enzymes, which are then 

L5 added to the single reaction vessel. In another version, the reverse 
transcriptase activity is a component of the thermostable Tth DNA 
polymerase. Annealing and cDNA synthesis are performed in the presence of 
Mn++, then PCR is carried out in the presence of Mg++ after the removal of 
Mn-H- by a chelating agent. Finally, the "continuous" method (e.g., one-step 

20 RT-PCR) integrates the three RT-PCR steps into a single continuous reaction 
that avoids the opening of the reaction tube for component or enzyme 
addition. Continuous RT-PCR has been described as a single enzyme system 
using the reverse transcriptase activity of thermostable Taq DNA Polymerase 
and Tth polymerase and as a two-enzyme system using AMVRT and Taq 

25 DNA Polymerase wherein the initial 65°C RNA denaturation step was 
omitted. 



cDNA and cDNA Libraries 

In examining the structure and physiology of an organism, tissue or 
30 cell, it is often desirable to determine its genetic content. The genetic 

framework of an organism is encoded in the double-stranded sequence of 
nucleotide bases in the deoxyribonucleic acid (DNA) which is contained in the 
somatic and germ cells of the organism. The genetic content of a particular 
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segment of DNA, or gene, is only manifested upon production of the P J2^5L w „ 
which the gene encodes, hi order to produce a protein, a complement aJ^plEFX A 
of one strand of the DNA double -helix (the "coding" strand) is produbffUy 
polymerase enzymes, resulting in a specific sequence of ribonucleic acid 
(RNA). This particular type of RNA, since it contains the genetic message 
from the DNA for production of a protein, is called messenger RNA (mRNA). 

Within a given cell, tissue or organism, there exist myriad mRNA 
species, each encoding a separate and specific protein. This fact provides a 
powerful tool to investigators interested in studying genetic expression in a 
tissue or cell --mRNA molecules may be isolated and further manipulated by 
various molecular biological techniques, thereby allowing the elucidation of 
the full functional genetic content of a cell, tissue or organism. 

One common approach to the study of gene expression is the 
production of complementary DNA (cDNA) clones. In this technique, the 
mRNA molecules from an organism are isolated from an extract of the cells or 
tissues of the organism. This isolation often employs solid chromatography 
matrices, such as cellulose or Sepharose, to which oligomers of thymidine (T) 
have been complexed. Since the 3' termini on all eukaryotic mRNA molecules 
contain a string of adenosine (A) bases, and since A binds to T, the mRNA 
molecules can be rapidly purified from other molecules and substances in the 
tissue or cell extract. From these purified mRNA molecules, cDNA copies 
may be made using an enzyme having reverse transcriptase (RT) activity, 
which results in the production of single-stranded cDNA molecules 
complementary to all or a portion of the mRNA templates. Incubating the 
single-stranded cDNA under appropriate conditions allows synthesis of 
double-stranded DNA which may then be inserted into a plasmid or a vector. 

This entire process, from isolation of mRNA to insertion of the cDNA 
into a plasmid or vector to growth of host cell populations containing the 
isolated gene, is termed "cDNA cloning." If cDNAs are prepared from a 
number of different mRNAs, the resulting set of cDNAs is called a "cDNA 
library," an appropriate term since the set of cDNAs represents the different 
populations of functional genetic information (genes) present in the source 
cell, tissue or organism. Genotypic analysis of these cDNA libraries can yield 



much information on the structure and function of the organisms froi iwhkh 

they were derived. 

In traditional production methods, the cDNA molecules must* 
fractionated and multiple phenol/chloroform extractions and ethanol 

5 precipitations performed. Each of these requirements has inherent 

disadvantages, such as product loss and limitations in cDNA yield due to 
multiple extractions/precipitations (Lambert, K.N., and Williamson, V.M., 
Nucl Acids Res. 21(3):775-776 (1993)). 

These disadvantages have been partially addressed in the literature. For 

10 example, several investigators have reported methods for the isolation of 

polyA+ mRNA from cell and tissue samples by binding the mRNA to latex or 
paramagnetic beads coupled with oligo(dT); single-stranded cDNA molecules 
may then be produced by reverse transcription of these immobilized mRNA 
molecules (Lambert, K.N., and Williamson, V.M., Nucl Acids Res. 21(3):775- 

15 776 (1993); Kuribayashi-Ohta, K., et al, Biochim. Biophys. Acta 1156:204- 
212 (1993); Sasaki, Y.F., etal, Nucl Acids Res. 22(6):987-992 (1994); 
Meszaros, M., and Morton, D.B., BioTechniques 20(3):41 3-419 (1996); 
Fellman, R, et al, BioTechniques 21 (5): 766-770 (1996)). Such solid phase 
synthesis methods are less prone to the yield limitations resulting from the 

20 extraction/precipitation steps of the traditional methods. 

However, these methods still have several important limitations. For 
example, each of these methods relies on PCR amplification prior to cloning 
of the cDNA molecules, often resulting in biased cDNA libraries (i.e., highly 
expressed sequences predominate over those that are expressed in lower 

25 quantities). In addition, these methods often are less efficient than 

conventional cDNA synthesis methods which use solution hybridization of the 
primer-adapter to the template (i.e., rotational diffusion is required for 
increased hybridization rates; see Schmitz, K.S., and Schurr, J.M., J. Phys. 
Chem. 76:534-545 (1972); Ness, J. V., and Hahn, W.E., Nucl Acids Res. 

30 10(24) :8061-8077 (1982)). Finally, the above-described techniques use heat or 
chemical denaturation to release the nascent cDNA molecules from the solid 
phase for further processing, which can result in product loss and/or damage. 
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BRIEF SUMMARY OF THE INVENTION 




The present invention relates to a solid medium or support for use in 
the storage (preferably the long term storage) of nucleic acids (e.g., DNA and 

5 RNA, ribosomal RNA and messenger RNA), particularly polyA RNA or 

mRNA which comprise the use of this solid medium or support. In particular, 
the invention relates to a method for storage and transport of such nucleic 
acids on the solid medium, as well as to methods which involve either 
recovery of the nucleic acids from the solid medium, and/or the use or 

10 manipulation of the nucleic acids obtained from or contained by the solid 

medium. Such use or manipulation includes, for example, digestion (e.g., with 
one or more nucleases, exonucleases or endonucleases such as restriction 
enzymes), synthesis (e.g., with one or more polymerases and/or reverse 
transcriptases), amplification (e.g., by polymerase chain reaction with one or 

1 5 * more polymerases), sequencing (e.g., with one or more polymerases), or 

transformation or transfection into one or more host cells using, for example, 
chemically competent or electrocompetent cells or using known transfection 
reagents and techniques. Li a preferred aspect, such manipulation involves RT- 
PCR, cDNA synthesis or cDNA library construction from RNA obtained from 

20 or contained by the solid support. Such manipulations according to the 

invention can be conducted after storage of the nucleic acids on the support or 
can be conducted directly without storage. The preferred medium or support is 
a matrix which protects against degradation of nucleic acids incorporated onto 
the matrix. Such a matrix may comprise an absorbent cellulose-based matrix 

25 or paper, or a micromesh of synthetic plastic material such as those described 
in U.S. Patent No. 5,496,562 and 5,976,572. Preferably, the matrix comprises 
a composition comprising a weak base, a chelating agent, an anionic surfactant 
or anionic detergent, and optionally uric acid or a urate salt, wherein said 
composition is absorbed on or incorporated into said matrix. FT A® paper 

30 (available from Life Technologies, Inc.) and derivatives, variants and 

modifications thereof are included among such supports. Also included are 
GenPrep™ and GenSpin™ available from Whatman and IsoCode™ available 
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from Schleicher and Schuell which may also be used according to th 
invention. 

hi the practice of the invention, any solid support may be use 
Preferred such solid supports include, but are not limited to nitrocellulose, 

5 cellulose, diazocellulose, carboxymethylcellulose, hydrophilic polymers (e.g., 
polyester, polyamide, carbohydrate polymers), polytetra- fluro-ethylene, 
fiberglass, porous ceramics, polystyrene, polyvinylchloride, polypropylene, 
polyethylene, dextran, Sepharose, agar, starch, and nylon. 

According to the present invention, any nucleic acid molecules (e.g., 

10 RNA and DNA and particularly polyA+ RNA and mRNA) may be archived 
and later recovered and/or manipulated by a simple and efficient method in 
which a sample (e.g., cells, tissues, cellular materials, etc.) carrying the one or 
more nucleic acids are contacted with a solid medium (preferably FT A® paper 
or derivatives, variants or modifications thereof). In another aspect, purified 

15 nucleic acid molecules may be used, although in a preferred aspect, crude - 
preparations (unpurified mRNA preparations or cell lysates) containing the 
one or more nucleic acid molecules may be contacted with the solid medium 
or support. Thus, any samples may provide the nucleic acid molecules to be 
contacted or bound to the support such as host cells, viruses, viral plaques, 

20 and/or crude preparations from biological materials (such as host cell or virus 
extracts, lysates, debris, hydrolysates, and the like). Such nucleic acid 
molecules obtained from or contained by the solid support or matrix may be 
used or manipulated in one or more standard molecular biology techniques, 
such as digestion, sequencing, amplification, synthesis and 

25 transformation/transfection reactions. Preferably, mRNA obtained from or 
contained by the solid support is used in RT-PCR or cDNA synthesis and 
particularly for cDNA library construction. In other preferred embodiments, 
the RNA obtained according to the invention may be used in Northern blots or 
attached to other solid supports, such as chips, for use in gene profiling 

30 applications. In a particularly preferred aspect, one or more host cells 

containing the nucleic acid molecules to be isolated, stored and/or manipulated 
can be contacted directly with the medium or support. According to the 
present invention, host cell cultures or colonies from plates may be used. 
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Preferred host cells for use in the invention include prokaryotic or ev k f^°P\wy\r 
host cells, particularly gram positive and gram negative bacteria, pla ifle«fc/A M. 
animal cells (including human), insect cells and the like. 

In the practice of the invention, nucleic acid molecules and in 

5 particular cDNA molecules or cDNA libraries are produced by mixing one or 
more nucleic acid templates obtained from or contained by a solid support of 
the invention (e.g., a mRNA molecule or a polyA+ RNA molecule) with one 
or more polypeptides having polymerase activity and/or reverse transcriptase 
activity under conditions favoring synthesis of one or more nucleic acid 

10 molecules complementary to all or a portion of the templates. 

Preferred polypeptides (e.g. , enzymes) having reverse transcriptase 
and/or polymerase activity to be used in the present invention include, but are 
not limited to, Moloney Murine Leukemia Virus (M-MLV) reverse 
transcriptase, Rous Sarcoma Virus (RSV) reverse transcriptase, Avian 

1 5 Myeloblastosis Virus (AMV) reverse transcriptase, Rous Associated Virus 

(RAV) reverse transcriptase, Myeloblastosis Associated Virus (MAV) reverse 
transcriptase, Human rmmunodeficiency Virus (HTV) reverse transcriptase, 
retroviral reverse transcriptase, retrotransposon reverse transcriptase, hepatitis 
B reverse transcriptase, cauliflower mosaic virus reverse transcriptase, 

20 bacterial reverse transcriptase, Thermus thennophilus (Tth) DNA polymerase, 
Thermus aquaticus (Taq) DNA polymerase, Thermotoga neopolitana (Tne) 
DNA polymerase, Thermotogamaritima (Tma) DNA polymerase, 
Thermococcus litoralis (Tli, e.g, VENT® brand) DNA polymerase, 
Pyrococcus furiosus (Pfu) DNA polymerase, Pyrococcus species GB-D (e.g., 

25 DEEPVENT™ brand) DNA polymerase, Pyrococcus woosii (Pwo) DNA 
polymerase, Bacillus sterothermophilus (Bst) DNA polymerase, Sulfolobus 
acidocaldarius (Sac) DNA polymerase, Thermoplasma acidophilum (Tac) 
DNA polymerase, Thermus favus (Tfl/Tub) DNA polymerase, Thermus ruber 
(Tru) DNA polymerase, Thermus brockianus (e.g., DYNAZYME® brand) 

30 DNA polymerase, Methanobacterium thermoautotrophicuin (Mth) DNA 
polymerase, and mutants, variants and derivatives thereof. Particularly 
preferred for use in the invention are the variants of these enzymes that are 
substantially reduced in RNase H activity. Preferred reverse transcriptases for 
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use in the invention include SUPERSCRIPT™, SUPERSCRIPT™ II 
THERMOSCRIPT™ brands of reverse transcriptases available from 
Technologies Division of Invitrogen Corporation (Rockville, MD), and ottier 
reverse transcriptases described in U.S. Patent 5,244,797 and WO 98/47912. 

5 By an enzyme "substantially reduced in RNase H activity" is meant that the 
enzyme has less than about 20%, more preferably less than about 15%, 10% or 
5%, and most preferably less than about 2%, of the RNase H activity of a 
wildtype or "RNase H+" enzyme such as wildtype M-MLV or AMV reverse 
transcriptases. The RNase H activity of any enzyme may be determined by a 

10 variety of assays, such as those described, for example, in U.S. Patent No. 
5,244,797, in Kotewicz, MX., et at, Nucl Acids Res, 16:265 (1988) and in 
Gerard, G.F., etal, FOCUS 14(5):91 (1992), the disclosures of all of which 
are fully incorporated herein by reference. 

The invention is thus directed to methods for making one or more 

15 nucleic acid molecules, comprising mixing one or more nucleic acid templates 
(preferably one or more RNA templates and most preferably one or more 
messenger RNA templates) with one or more polypeptides having reverse 
transcriptase activity and incubating the mixture under conditions sufficient to 
make one or more first nucleic acid molecules complementary to all or a 

20 portion of the one or more nucleic acid templates. Such conditions preferably 
comprise the use of one or more primers (preferably oligo dT) and one or 
more nucleotides. In a preferred embodiment, the first nucleic acid molecule is 
a single-stranded cDNA. Nucleic acid templates suitable for reverse 
transcription according to this aspect of the invention include any nucleic acid 

25 molecule or population of nucleic acid molecules (preferably RNA and most 
preferably mRNA), particularly those derived from a cell or tissue. In a 
preferred aspect, a population of mRNA molecules (a number of different 
mRNA molecules, typically obtained from cells or tissue) are used to make a 
cDNA library, in accordance with the invention. Preferred cellular sources of 

30 nucleic acid templates include bacterial cells, fungal cells, plant cells and 
animal cells. 

The invention also concerns methods for making one or more double- 
stranded nucleic acid molecules. Such methods comprise (a) mixing one or 
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more nucleic acid templates (preferably RNA or mRNA, and more p: e ^jk-wy=p 
a population of mRNA templates) with one or more polypeptides has ilgs KJ K X 



reverse transcriptase activity; (b) incubating the mixture under conditions 
sufficient to make one or more first nucleic acid molecules complementary to 

5 all or a portion of the one or more templates; and (c) incubating the first 
nucleic acid molecules under conditions sufficient to make one or more 

second nucleic acid molecules complementary to all or a portion of the first 
nucleic acid molecules, thereby forming one or more double-stranded nucleic 
acid molecules comprising the first and second nucleic acid molecules. Such 

10 methods may include the use of one or more DNA polymerases (and 

preferably one or more primers and nucleotides) as part of the process of 
making the one or more double-stranded nucleic acid molecules. 

The invention also relates to methods for amphfying a nucleic acid 
molecule. Such amplification methods comprise mixing the double-stranded 

15 nucleic acid molecules produced as described above with one or more DNA 

polymerases and incubating the mixture under conditions sufficient to amplify 
the double-stranded nucleic acid molecule. In a first preferred embodiment, 
the invention concerns a method for amphfying one or more nucleic acid 
molecules, the method comprising (a) mixing one or more nucleic acid 
20 templates (preferably one or more RNA or mRNA templates and more 

preferably a population of mRNA templates) with one or more polypeptides 
having reverse transcriptase activity and with one or more DNA polymerases 
and (b) incubating the mixture under conditions sufficient to amplify nucleic 
acid molecules complementary to all or a portion of the one or more templates. 
25 The invention is also directed to nucleic acid molecules (particularly 

single- or double-stranded cDNA molecules) or amplified nucleic acid 
molecules produced according to the above-described methods and to vectors 
(particularly expression vectors) comprising these nucleic acid molecules or 
amplified nucleic acid molecules. 
30 The invention is further directed to compositions made or prepared 

while carrying out the methods of the invention. Such compositions may 
comprise the solid support of the invention, one or more mRNA molecules 
and/or one or more cDNA molecules produced from said mRNA molecules. 
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The invention is also directed to kits for use in the methods o: 'the 
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invention. Such kits can be used for making or amplifying nucleic ac 
molecules (single- or double-stranded) according to the invention. TQc kiL> 
the invention comprise a carrier, such as a box or carton, having in close 

5 confinement therein one or more containers, such as vials, tubes, bottles and 
the like. Kits of the invention may comprise one or more of the reverse 
transcriptase enzymes (preferably one or more such enzymes that are reduced 
or substantially reduced in RNase H activity), one or more solid supports, one 
or more primers, one or more nucleotides and one or more reaction buffers. 

10 The kits of the invention may also comprise instructions for carrying out the 

methods of the invention. 

Other preferred embodiments of the present invention will be apparent 
to one of ordinary skill in light of the following drawings and description of 
the invention, and of the claims. 

15 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the results of a Northern blot analysis of RNA stored 
and eluted from a solid support. 
5 Figure 2 shows the results of an RT-PCR analysis of RNA stored and 

eluted from a solid support using samples derived from HeLa cells. 

Figure 3 shows the results of an RT-PCR analysis of RNA stored and 
eluted from a solid support using samples derived from plant cells. 

Figure 4 shows the results of an RT-PCR analysis of RNA from 
10 varying amounts of cells stored and eluted from a solid support using samples 
derived from HeLa cells. 



DETAILED DESCRIPTION OF THE INVENTION 



Definitions 

In the description that follows, a number of terms used in recombinant 
DNA technology are utilized extensively. In order to provide a clear and more 
20 consistent understanding of the specification and claims, including the scope 
to be given such terms, the following definitions are provided. 

Amplification. As used herein, "amplification" refers to any in vitro 
method for increasing the number of copies of a nucleotide sequence with the 
use of a polymerase. Nucleic acid amplification results in the incorporation of 
25 nucleotides into a -nucleic acid {e.g., DNA) molecule or primer thereby 
forming a new nucleic acid molecule complementary to the nucleic acid 
template. The formed nucleic acid molecule and its template can be used as 
templates to synthesize additional nucleic acid molecules. As used herein, one 
amplification reaction may consist of many rounds of nucleic acid synthesis. 
30 Amplification reactions include, for example, polymerase chain reactions 

(PCR). One PCR reaction may consist of 5 to 100 "cycles" of denaruration and 
synthesis of a nucleic acid molecule. 
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Polymerases (including DNA polymerases and RNA polyme: ases 
useful in accordance with the present invention include, but are not ljdfce 




Thermus thermophilus (Tth) DNA polymerase, Thermus aquaticus (Taq) DJNA 
polymerase, Thermotoga neopolitana (Tne) DNA polymerase, Thermotoga 

5 maritima (Tma) DNA polymerase, Thermococcus litoralis (Tli, e.g., VENT® 
brand) DNA polymerase, Pyrococcus furiosus (Pfu) DNA polymerase, 
Pyrococcus species GB-D (e.g., DEEP VENT™ brand) DNA polymerase, 
Pyrococcus woosii (Pwo) DNA polymerase, Bacillus sterothermophilus (Bst) 
DNA polymerase, Bacillus caldophilus (Bca) DNA polymerase, Sulfolobus 

10 acidocaldarius (Sac) DNA polymerase, Thennoplasma acidophilian (Tac) 

DNA polymerase, Thennus flavus (Tfl/Tub) DNA polymerase, Thernius ruber 
(Tru) DNA polymerase, Thermus brockianus (DYNAZYME ) DNA 
polymerase, Methane-bacterium thermoautotrophicion (Mth) DNA 
polymerase, mycobacterium DNA polymerase (Mtb, Mlep), and mutants, and 

15 variants and derivatives thereof. RNA polymerases such as T3, T5 and SP6 
and mutants, variants and derivatives thereof may also be used in accordance 

with the invention. 

Polymerases used in accordance with the invention may be any 
enzyme that can synthesize a nucleic acid molecule from a nucleic acid 

20 template, typically in the 5' to 3' direction. The nucleic acid polymerases used 
in the present invention may be mesophilic or thermophihe, and are preferably 
thermophilic. Preferred mesophilic DNA polymerases include T7 DNA 
polymerase, T5 DNA polymerase, Klenow fragment DNA polymerase, DNA 
polymerase IE and the like. Preferred thermostable DNA polymerases that 

25 may be used in the methods of the invention include Taq, Tne, Tma, Pfu, Tfl, 
Tth, Stoffel fragment, 77? (e.g., VENT® brand) and Pyrococcus species GB-D 
DNA (e.g., DEEPVENT™ brand) polymerases, and mutants, variants and 
derivatives thereof (U.S. Patent No. 5,436,149; U.S. Patent 4,889,818; U.S. 
Patent 4,965,188; U.S. Patent 5,079,352; U.S. Patent 5,614,365; U.S. Patent 

30 5,374,553; U.S. Patent 5,270,179; U.S. Patent 5,047,342; U.S. Patent No. 

5,512,462; WO 92/06188; WO 92/06200; WO 96/10640; Barnes, W.M., Gene 
112:29-35 (1992); Lawyer, F.C., et al, PCR Meth. Appl. 2:275-287 (1993); 
Flaman, J.-M, et al, Nucl. Acids Res. 22(15):3259-3260 (1994)). For 
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amplification of long nucleic acid molecules (e.g., nucleic acid mole< 
longer than about 3-5 Kb in length), at least two DNA polymerases ( 
substantially lacking 3' exonuclease activity and the other having 3' 
exonuclease activity) are typically used. See U.S. Patent No. 5,436,149; and 
5 U.S. Patent No. 5,512,462; Barnes, W.M., Gene 112:29-35 (1992), the 

disclosures of which are incorporated herein in their entireties. Examples of 
DNA polymerases substantially lacking in 3' exonuclease activity include, but 
are not limited to, Taq, Tne(exo), Tma(exo) t Pfu(exo), Pwo(exd) and Tth 
DNA polymerases, and mutants, variants and derivatives thereof. 
10 Host Cell. Any prokaryotic or eukaryotic cell. Such cell may be the 

recipient of a replicable expression vector or cloning vector. The terms "host" 
or "host cell n or "cell" may be used interchangeably herein. For examples of 
such hosts, see Maniatis et al, Molecular Cloning: A Laboratory Manual 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York (1982). 
15 Preferred prokaryotic hosts include, but are not limited to, bacteria of the 

genus Escherichia (e.g. E. coli), Bacillus, Staphylococcus, Agrobacter (e.g. A. 
tumefaciens), Streptomyces, Pseudomonas, Salmonella, Serratia, 
Caryophanon, etc. The most preferred prokaryotic host is E. coli. Bacterial 
hosts of particular interest in the present invention include E. coli K12, 
20 DH10B, DH5a and HB101. Preferred eukaryotic hosts include, but are not 
limited to, fungi, fish cells, yeast cells, plant cells and animal cells. 
Particularly preferred animal cells are insect cells such as Drosophila cells, 
Spodoptera Sf9 and Sf21 cells and Trichoplusa High-Five cells; nematode 
cells such as C. elegans cells; and mammalian cells such as COS cells, CHO 
25 cells, VERO cells, 293 cells, PERC6 cells, BHK cells and human cells. 

Vector. A vector is a nucleic acid molecule (preferably DNA) capable 
of replicating autonomously in a host cell. Such vectors may also be 
characterized by having a small number of endonuclease restriction sites at 
which such sequences may be cut without loss of an essential biological 
30 function and into which nucleic acid molecules may be spliced to bring about 
its replication and cloning. Examples include plasmids, autonomously 
replicating sequences (ARS), centromeres, cosmids andphagemids. Vectors' 
can further provide primer sites, e.g., for PCR, transcriptional and/or 
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translational initiation and/or regulation sites, recombinational signal 5, 
replicons, etc. The vector can further contain one or more selectable 
suitable for use in the identification of cells transformed or transfected. witn 
the vector, such as kanamycin, tetracycline, amplicillin, etc. 

5 In accordance with the invention, any vector may be used. In 

particular, vectors known in the art and those commercially available (and 
variants or derivatives: thereof) may be used in accordance with the invention. 
Such vectors may be obtained from, for example, Vector Laboratories lac, 
Invitrogen, Promega, Novagen, NEB, Clontech, Boehringer Mannheim, 

10 Pharmacia, EpiCenter, OnGenes Technologies Inc., Stratagene, Perkin Elmer, 
Pharmingen, Life Technologies, Inc., and Research Genetics. Such vectors 
may then for example be used for cloning or sub cloning nucleic acid 
molecules of interest. General classes of vectors of particular interest include 
prokaryotic and/or eukaryotic cloning vectors, expression vectors, fusion 

15 - vectors, two-hybrid or reverse two-hybrid vectors, shuttle vectors for use in 
different hosts, mutagenesis vectors, transcription vectors, vectors for 
receiving large inserts and the like. 

Other vectors of interest include viral origin vectors (Ml 3 vectors, 
bacterial phage 1 vectors, baculovirus vectors, adenovirus vectors, and 

20 retrovirus vectors), high, low and adjustable copy number vectors, vectors 
which have compatible replicons for use in combination in a single host 
(pACYC 184 and pBR322) and eukaryotic episomal replication vectors 
(pCDM8). 

Storage. As used herein, "storage" refers to maintaining the 
25 support/nucleic acids for a period of time at a temperature or temperatures of 
interest. Preferably, storage is accomplished at about 20 to 30°C (preferably 
room temperature, e.g. 25°C), but may be at higher or lower temperatures 
depending on the need. Lower storage temperatures may range from about 0 to 
20°C, -20 to 0°C, and -80 to - 20°C. Long term storage in accordance with the 
30 invention is greater than one year, preferably greater than 2 years, still more 
preferably greater than 3 years, still more preferably greater than 5 years, still 
more preferably greater than 10 years, and most preferably greater than 15 
years. 
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Other terms used in the fields of recombinant DNA technoloj y^jd 
molecular and cell biology as used herein will be generally understoc 
of ordinary sill in the applicable arts. 

5 Production of cDNA Molecules 

Sources of Nucleic Acid Molecules 

In accordance with the invention, cDNA molecules (single-stranded or 
double-stranded) may be prepared from a variety of nucleic acid template 
molecules. Preferred nucleic acid molecules for use in the present invention 

10 include single-stranded or double-stranded DNA and RNA molecules, as well 
as double-stranded DNA.RNA hybrids. More preferred nucleic acid molecules 
include messenger RNA (mRNA), transfer RNA (tRNA) and ribosomal RNA 
(rRNA) molecules, although mRNA molecules are the preferred template 
according to the invention. 

15 The nucleic acid molecules that are used to prepare cDNA molecules 

according to the methods of the present invention may be prepared 
synthetically according to standard organic chemical synthesis methods that 
will be familiar to one of ordinary skill. More preferably, the nucleic acid 
molecules maybe obtained from natural sources, such as a variety of cells, 

20 tissues, organs or organisms. Cells that maybe used as sources of nucleic acid 
molecules may be prokaryotic (bacterial cells, including but not limited to 
those of species of the genera Escherichia, Bacillus, Serratia, Salmonella, 
Staphylococcus, Streptococcus, Clostridium, Chlamydia, Neisseria, 
Treponema, Mycoplasma, Borrelia, Legionella, Pseudomonas, 

25 Mycobacterium, Helicobacter, Erwinia, Agrobacterium, Rhizobium, 

Xanthomonas and Streptomyces) or eukaryotic (including fungi (especially 
yeasts), plants, protozoans and other parasites, and animals including insects 
including but not limited to Drosophila spp. cells, Spodoptera Sf9 and S£21 
cells and Trichoplusa High-Five cells; nematodes (particularly Caenorhabditis 

30 elegans cells), and mammals such as COS cells, CHO cells, VERO cells, 293 
cells, PERC6 cells, BHK cells, and other mouse and human cells. In some 
preferred embodiments, the nucleic acids stored according to the present 
invention may be derived from viruses. 
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Mammalian somatic cells that may be used as sources of nucl ^^j^Wywr 
include blood cells (reticulocytes and leukocytes), endothelial cells, € plfcelaf X X 
cells, neuronal cells (from the central or peripheral nervous systems), muscle ~~ 
cells (including myocytes and myoblasts from skeletal, smooth or cardiac 
muscle), connective tissue cells (including fibroblasts, adipocytes, 
chondrocytes, chondroblasts, osteocytes and osteoblasts) and other stromal 
cells (e.g., macrophages, dendritic cells, Schwann cells). Mammalian germ 
cells (spermatocytes and oocytes) may also be used as sources of nucleic acids 
for use in the invention, as may the progenitors, precursors and stem cells that 
give rise to the above somatic and germ cells. Also suitable for use as nucleic 
acid sources are mammalian tissues or organs such as those derived from 
brain, kidney, liver, pancreas, blood, bone marrow, muscle, nervous, skin, 
genitourinary, circulatory, lymphoid, gastrointestinal and connective tissue 
sources, as well as those derived from a mammalian (including human) 
embryo or fetus. 

Any of the above prokaryotic or eukaryotic cells, tissues and organs 
maybe normal, diseased, transformed, established, progenitors, precursors, 
fetal or embryonic. Diseased cells may, for example, include those involved in 
infectious diseases (caused by bacteria, fungi or yeast, viruses (including 
AIDS, HTV, HTLV, herpes, hepatitis and the like) or parasites), in genetic or 
biochemical pathologies (e.g., cystic fibrosis, hemophilia, Alzheimer's disease, 
muscular dystrophy or multiple sclerosis) or in cancerous processes. 
Transformed or established animal cell lines may include, for example, COS 
cells, CHO cells, VERO cells, BHK cells, HeLa cells, HepG2 cells, K562 
cells, 293 cells, L929 cells, F9 cells, and the like. Other cells, cell lines, 
tissues, organs and organisms suitable as sources of nucleic acids for use in the 
present invention will be apparent to one of ordinary skill in the art. 

Once the starting cells, tissues, organs or other samples are obtained, 
nucleic acid molecules (such as mRNA) may optionally be isolated therefrom 
by methods that are well-known in the art (See, e.g., Maniatis, T., et al, Cell 
15:687-701 (1978); Okayama,H., and Berg, P., Mol. Cell. Biol. 2:161-170 
(1982); Gubler, U., and Hoffman, B.J., Gene 25:263-269 (1983)). The nucleic 
acid molecules thus isolated may then be contacted directly with the solid 
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supports of the invention. Alternatively, cells, tissues, etc., may be cc WApy 

directly with the support. 

In the practice of the invention, cDNA molecules or cDNA libraries are 
produced by mixing one or more nucleic acid molecules obtained as described 
above, which is preferably one or more mRNA molecules such as a population 
of mRNA molecules, with one or more polypeptides having reverse 
transcriptase activity under conditions favoring the reverse transcription of the 
nucleic acid molecule by the action of the enzymes to form one or more cDNA 
molecules (single-stranded or double-stranded). Thus, the method of the 
invention comprises (a) mixing one or more nucleic acid templates (preferably 
one or more RNA or mRNA templates, such as a population of mRNA 
molecules) with one or more reverse transcriptases and (b) incubating the 
mixture under conditions sufficient to make one or more nucleic acid 
molecules complementary to all or a portion of the one or more- templates. 
Such methods may include the use of one or more DNA polymerases. The 
invention may be used in conjunction with methods of cDNA synthesis such 
as those described in the Examples below, or others that are well-known in the 
art (see, e.g., Gubler, U., and Hoffman, B.J., Gene 25:263-269 (1983); Krug, 
. M.S., andBerger, S.L., Meth. Enzymol.l 52:31 6-325 (1987); Sambrook, J., et 
al. Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor, 
NY: Cold Spring Harbor Laboratory Press, pp. 8.60-8.63 (1989); and WO 
98/51699), to produce cDNA molecules or libraries, hi a preferred 
embodiment, the cDNA may be produced using the methods detailed in 
United States patent application serial number 09/076,115 and/or United 
States provisional application serial number 60/122,395 filed March 2, 1999. 

fn portinont part, United Stat o s pat e nt application ocrial number 
09/076,115 reads as follows: 

" SUMMARY OF THE I3WENTION 




and iaolation of nucloic, acid molooul o p (amglo and, doublo strand e d) from 
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small amounts of input nucleic acid mol e cules. — Mor o particu ^^fee 
invention provides methods for the production of a cDNA molecul e 
double Gtrandcd) from an RNA tomplato (e.g., singlo Gtranded mrJ^A & 
polyA+ RNA) by using ligand coupled primer adapt e r molecul es . — Suefe 
5 primer adaptor molecules may also be used in accordance with tho invention 
to isolate mKNA or polyA+ RNA molcculea from an KB? A containing sample. 

Specifically, the invention is directed to a method for producing a 
nucleic acid molecule comprising mixing a nucleic acid template, pr e ferably a 
mRNA or a polyA t- RNA molecule, with a polypeptide having polymerase 
10 and/or reverse transcriptase activity and a prim o r adaptor nucleic acid 

molecule, wherein the primer adaptor nucleic acid mol e cul e comprises one or 
more ligand molecules and one or more cleavage sites (preferably a r e striction 
cndonuclcaso cleavage site or an endonucleaso cleavage site). This primer 
adapter may be designed to hybridiz e to any portion of the template. Upon 

m ol e cule -(eg, a 



15 incubation under appropriate conditions, a first nucleic acid m< 



single stranded cDNA) compl e mentary to all or a portion of the template is 
nxadc. This first nucleic acid molecule contains the primer adapter (pr e ferably 
at or near its termini) which facilitates isolation of the first nucl ei c acid 
molecule ond/or any nucleic acid molecule hybridiz e d to tho first nucleic acid 

20 mol e cule. Thus, if th e first nucleic acid molecule (e.g., single stranded 
eDNA) serves as a template to make a s e cond nucleic acid molecule (e.g., 
fanning a double stranded molecule such as a double stranded cDNA), the 
doub l e stranded molecule can bo isolated using the primer adapter contained 
in tho molecule. Likewi s e, the template first nucl e ic acid hybrid formed 

25 during synthesis of tho first nucleic acid moloculo can bo isolated. If desired, 
the primor adapter may bo included at any step or at multiple steps during 
nucleic acid synthesis. For example, primer adapter mol e cules may b o added 
during the first, s e cond, third, fourth, etc., synthesis st e p (the first synthesis 
step making a nucleic acid molecule complementary to all or a portion of the 

30 t e mplat e) or can b o added in multiple or all such synthesis st e ps. Multiple 
synthesis with primer adapt e r molecules may result in a synthesized nucleic 
acid molecule having more than one primer adapter. 
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To isolate 

or moro mRNA or polyA^- RNA specific prim e r adapt e rs i ? itsedr-S^ 



ropy 



pik nc i a dapto r in hyb rHrx d to tho mRNA and/or potyA l RNA to form ft 
pm n ui a Japlcr/ polyA I- PMA l ijbii J. Th oprrmn r a dr^e^aR-fee^feeaitete 

• i nvention, sin ou Oj l c pri m e r n rtnyLu in h ybrid im d t o t Tiwae k u do of inten d 
and uai i b o re mov e d by d o nararation, cl en < a& c sites in the p rimaH*teptoH*e 
not needed; 

The primer adaptor mol e cul e s of tho inv e ntion may a lso bo used to 
10 isolate specific nucleic acid se q uen ce s. By usin g o ne u i m ure target ipnrifir 
pii m ci a dap t ers cap a b l n o f hybridizing to one or mor e p^ wBee^i^^ 
L hu i m u iU u u allows sHnr.liu u and isolati o n u f sp e cific nn rlei o acid molecul e s 

hi a voida nc e with th e- in v e ntion, the use ufl w u m m or r -nrh t n rg e t -speeifie 
15 - primer adapters (oach direa c d l u a diff e r e nt soqn ^nee}*Hew s selection of 
m o m dui n one diff e r e nt seq u e nce of inter^t. Alternativ el y, tw e^eE-mere 
t a r get sp e cific p ri mer adapters foot e d to diffei uxt po rtions o f n ^ qn w^ 
intend fac ilitates sel crt ion of such sequ e nces by redu c ing backgr o u n d 
eouLuiiiiuUiu i. D l.: nnnn, in thi- nnp c U of Q i e in nation, tTin tnrgr>t ^eeifie 
20 pri me r adapter hybri d^ l u Oi l d esire d m olnr ul c a nd ta n b n mmn v -d by 
d on aturation, cleavage uitc s in the targe t, s p ec ific prim e r adapter are n o t 
nood©cL 

In accordance with the inven tio n, the prime r adapt e r mol omlas 
f ao iliLale iso lat io n of mommie s co mpri s ing o uc h prim e r n dn pt ^s^elyiB^eB 

25 t h e l igand portion o f m c prim nr a dapte r. Aft e r t hr prirn n a dapt o r is b o r md 

(h> bi i d ized or incorpo ra t e d during synth es is) to tho m i clH. a c id mol e cul e , th e 
li^ a ud p o rti on of th e p rime r ad a pt e r allows sele c Ha u iso l a ti o n o f th n mnlnnd e 
couLuining t h o prim n r n daulei. C u c h i llat i on m aybe a rrom ji l Lh e d by ligan d 
hapte n i nter a ct i on s, w bnr u the hapt e n is b ou n d to , for o i rnmp K , i solid s upport . 

30 Qa co bound to tho solid support, the mol e cul e s of interesH priB^-adaptef 
uurrlaini ng nucleic a n d molecul e s) c an bo separa te d f iu m contamin atin g 
a u o l eie a c i ds a n dprot nhub y wa sh ing the Hu ppm l maui x with n gnlntinn, 
prefer ably a buff e r or water. Cleavag e of o n o or mom of the cleav a g e nit es 
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within the primer adaptor than allows for r e moval of the nucloio acid 




of interest from the solid support, leaving the ligand bound to the hat. t 
solid support. Alternatively, whero the primor adaptor is hybridiz e d to the 
nucleic acid molecule of interest, isolation can b e accomplished by 

5 donaturation of the primer adaptor from tho desired mole c ules and'or by 
oloavago of tiro cloavago sites within the primer adaptor molecule. 

Prcforrod solid supports for use in the invention include, but are not 
l i mited to, nitrocolluloso, diazooellulooo, glass, polystyrene, polyvinylchlori de , 
polypropylene, polyethylene, doxtran, Sopharosc, agar, starch, nylon, latex 

10 beads, magnetic beads, paramagnetic boads, sup e rp ara magnetic b end i or 

m icrotitrc plates and most pr o forably a magnetic b e ad, a paramagnetic bead or 
a superparamagnetic bead, that comprises ono or mor e hapten molecul e s 
specifically recognizing and binding to tho ligand molecule 

Particularly preferred hapten molecules according to this aspect of the 

15 - invention include without limitation: (i) avidin and stroptavidin; (ii) protein A, 
protein G , a cell surface Fc receptor or an antibody specific antigen; (iii) m 
e nzyme sp e cific substrate; (iv) polymyxin B or endotoxin neutralising protein 
(EMP); (v) Fc ** *; (vi) n rrmr^™-^ mrnptnr; rvirt an insulin receptor; (viii) a 
cytolrin o (e.g., growth factor, interlculan or colony stimulating fact o r) 

fibrinogen or Factor X; (xiii) ankyrin; (xiv) int o grins P^ r^fere^^r^efe 
& q $ i -aB&&$ $ ; (xv) iatogrins a ^47^&T^&-agd^* fe; (xvi) integrins CL fe 
a^^^^re^^^fere^afid-e^ ^; (xvii) intogrins a vMad-e^f 
Qcviii) vitron e ctin; (xix) fibroneotin; (xx) coUagon; (xxi) lamitiin; (xxii) 
25 glycophorin; (xxiii) Mac 1; Qnciv) UFA 1; (xxv) P actin; Quzvi) gp!20; p anni ) 
cytoldnos (growth factors, intcrlculrins or colony stimulating factors); (xxvm) 
insulin; (max) forrotransforrin; (xxx) apotransf e rrin; (xxxi) 
lipopolysaccharidc; (xrorii) an enzym e ; (xxxiii) an antibody; and Qtxxiv) 

biotin. 

30 Particularly preferred ligand molecules for use according to the 



include without limitation: (i) biotin; (ii) an antibody, (iii) an enzym e; 

(iv) Upopolysaocharid o ; (v) apotL-anof o rrin; (vi) forrotransf o rrin; (vii) insulin; 
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(viii) oytokinos (growth factoro, intcrl c ulrins or colony stimulating fa 




laminin; (xv) collagen; (xvi) fibrohoctin; (xvii) vitronectin; (xviii) intogrina 
e^fe-afid-^ fc; (xbi) integrals ^ ^h^^^^^S^^^sr^i-^^^ 
(xx) intogrins a £* r a&*i^-im&*t£3& ™i) intogrino a ifor«3gg^*r«8fo 
and a g^gr 

ICAM 1 or ICAM 2; (xxv) spectrin or fodiin; (xxvi) CPA; (r^vii) a cytokine 
(eg., growth fac -tui, i ntorloukin or colony stimulating factor) r&ooptor; (xxvih) 
an insulin receptor; (xxix) a transferrin receptor; (xxx) F e H****) 
polymyxin B or endotoxin neutralizing protein (ENP); ( mmii) an enzy me- ■ 
specific substrate; (xxxiii) protein A, protein G, a cell m ifa cc Fc re c ept or nr 
an antibody apecific antigen; and (xxxiv) avidin and str o ptavidin. 




moloculo comprising 

• (a) - mixing a polypeptide having polymerase and'or r c ver o e 
tranocriptass activity with a nucleic acid template and a primer adaptor of the 
invention; and 

^ incubating the mixture under conditiono oufficiont to make a 

first nucleic acid mol e cule which comprises the primer adapter (preferably at 
or near ito 5' or 3' termini) and which io complementary to all or a portion of 
the template. If a DMA polymerase io uood in accordance with the invention, 
the primer adapter may bo located at or near the 3' termi i mu, while if a rev nrn p 
transcriptaso io uoed th u pii m c r adap t er m n y bo locatod at or ne ar-fee-^ 
tcrminuo of the synthesized nucleic acid molecule. In accordance with th e 
invention, th e firot nucleic acid molecule may bo us e d as a template to make a 
second nucleic acid molecul e complementary to all or a portion of the first 
nucleic acid molecul e . If a primer adaptor io uoed in this synthesis, a double 
stranded nucleic acid mol e cule io produced which comprises a primer adapt e r 
at or near each tcrminuo, although on different otrauUi , o f tho molecul e, 
Hovvovor, the primer adapter may be omitted from this oecond synthesis 
fe oroby providing for a doublo stranded nucleic acid moloculo having a 
primer adapter at one terminus T 
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If d e sir e d, tho primer adapters of the invention may b o used iiji yffiB^ 
for amplifying a nucleic acid mo iocule. Such m o thods compris e 

(a) — = — contacting a polypeptide having polymerase and/or reverse 
transcriptase activity with a nucleic acid template and two or more primer 
adaptors; and 




nucleic acid mol e cule complem e ntary to all or a po rt ion of the t e mpla t e 
Such amplification methods may specifically comprise 

(a) contacting a double stranded nucleic acid molecule to be 

10 amplified with a polypeptide having polymerase and'or rev e rse transcriptase 
activity, a first primer adapter complementary to a portion of the first strand o f 
the double strand e d mol e cule and a second prim e r adapter compl e m e ntary to 
a portion of the second strand of tho double strand e d molecule; 

incubating the mixture under conditions sufficient to make a 

15 third strand nucleic acid molecule comprising tho first prim e r adap to r and ■ - 
wh i ch is compl e mentary to all or aportion ^e f the first strand, and a fourth 
strand nucleic acid molecule comprising the second primer adaptor and which 
is complementary to all or a portion of the second strand; 

(e) d e naturing tho second and fourth, and the first and third, strands 

20 to form single stranded nucleic acid molecules; and 

{d) rep e ating steps (a) ( c) one or more time s r 

In this aspect of tho invention, tho first primer adapter or the second primer 
adapter may be replaced with any oligonucleotide primer to prime synthesis of 

a nucleic acid molecule. 

25 In a preferred aspect of the inv e ntion, RNA (eg,, mRNA or polyA- 1 - 

RNA) is used as a template for DNA synth e sis. This preferred m e thod 
comprises mixing tho RNA template with one or more polypeptid e s having 
reverse tran s criptase activity and a primer and incubating the mixture under 
conditions sufficient to malc o a DNA (eg., a cDNA) molecule complementary 

30 t o all or a portion of the RNA template. The synthesized DNA molecule may 
then b o used as a template for additional DNA s^thesis or DNA 
amplification. In accordance with this aspect of the invention, a cDNA library 
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ma y b e produc e d wh e n using a population of RNA mol e cules (for e x 

RNA isolated from a cell or tissue). 

For isolating mRNA or polyA+ PN A i n accordance with tho invention, 

tho method may specifically comprise: 
5 ^ obtaining a sample contain in g (or thoug h! to contain) mRNA 

and/or polyA+ RNA; 

capa b l e of se l e ctively binding to mPJNLA nml/ or p olyA+ RNA ; nnd 

(e) isolating the niRNA and'or polyA I RNA from the sampl e. 

10 For isolating 3pocific or desired nucleic acid molecules, th o invention 

may specifically comprise: 

{a) obtaining a sample containing (or thought to contain) one or 

moro desired nucleic acid molccules; - 

(fe) contacting tho sample with one or mu re prim e r adapte rs 

15 capablo o f selectiv e ly binding to one or moro of the desired nucl e i c aci d 
molecules; and 

{e) isolating tho desired nucleic acid molecules from tho sample. 

hi a proforrcd aspect, the sample containing tho duu i'c d mol e cul e it n 
population of double stranded or single str a nded cDNA mol ec ul e s, lim a, th f 
20 invention relates to a method of isolating one or moi o d usiro d nucl c ir nnrf 

molecules comprising: 

(a) obtaining a sample con t ain i ng a popula t i o n of cDNA molecules 

which contain (or arc thought to contain) one or more d e sired cDNA 
molecules ? 

25 q$ contacting tho sample with.onc or moro targ e t specific primer 

a dap te r s capable of specifically binding to one or more of the desired cDNA 
molecules; and 

{e} isolating the desired cDNA molecul e s from tho s a mp le ■ 

In accordance with the invention, tho ta r get sp e cific primer adap t e r s 
30 may be m,c d hi s elect ion o f a spocific cDNA molecule after the cD NA 

moloculo is synthesiz e d from tho RN A template (binding to tho RNA'cDNA 
doublo stranded molecule or bindi n g to tho singl e sfn i u dod cDNAmol cmlff 
after removing the RNA strand). Al te rnativ e ly, tho target sp e cific primer • 
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adapt o rs may bo used to bind the double stranded cDNA molocule. S 
target specific primer adapt o rs may also be used in accordance with t 
invention to select one or more desired mol e cules from a population of 
amplified nucleic acid mol 

The invention is also directed to vectors, mcluding e xpre ssion vec tor^ 
comprising the cDNA molecules or nucleic acid molecules produced in 
accordance with tho invention, and to host cells co mp aring th e se cPN A 
mol e cules, n uc l e i c ac id mol ecnl.es or vectors. The inv e ntion also provides 
methods for producing a recombinant polypeptide comprising oulturing these 
host cells under conditions favoring the expressi o n of ar c combin rmt 
polyp e ptide and isolating tho polypeptide, and provides r e combin a nt 
polypeptides produced according to these methods. 

In other preferred aspects, the invention is direc t ed to lata for th e 
production of a nucleic acid molocule or a cDNA molecule comprising a 





r eceive in close confinement therein one or more containers, such as tubes-, 
vials, bottles, ampules and the liko, wherein a first container comprises a 
primer adaptor molecule comprising one or more ligand mol e cules, preferably 
biotin, and which comprises one or more cleavag e sites, preferably one or 
more r e striction ondonucloaso cleavage sites. The inv e ntion is also directed to 
such kits comprising additi on al cont ai ner s whi ch m ay contain one or more 
polypeptides having r e verse transcriptase activity and/or polymerase activity. 
According to Uiu im-c ntion, mor e thnn on o polypeptide may bo included in the 
same or differ e nt containers. The invention is also directed to kits compri s ing 

haptens capable of specifically binding the ligand or ligands of tho primer 
adaptors of the invention. The invention is also directed to kits comprising 
additional containers which may contain one or more ondonucloasos which 
recognize and c l uxv u th e c leavage n it oo in the primer adapt o rs of tho invention. 
Oth e r pr eferred embodi m™-^ " f ^ prnnnnt inv e ntion will be apparent 




the invention, and of the claims : 
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DETAILED DESCRIPTION OF THE INVENTION 



sent invention is particularly suited for tho ra p id production c mrt 
isolation of cDNA libraries from small amounts of poly A l ENA or mKMA in 

t 

a high through out manner. In a pref er red aspect of the invention, apopulation 
of singlo stranded poly A I UNA or rnKNA is hybridized in solution with a 
ligand couplod primer adaptor (non specific or geno specific). As used here in, 
fee- torm "primer adapter" rofcro to a nucleic acid molocule which is capable of 
specifically binding (eg., hybridizing) to a template nucl o ic acid molocule 
(eg. , a rnKNA or poly\ 1 RNA molooulo). In a particularly preferred 
embodiment of th o invention, the primer adaptor allows priming of the 
transcription, r e verse transcription, polymerization or elongation of a nuclei c 
acid mol e cule complementary to all or a portion of tho template nucleic acid 
molocule. 

• According to tho invention; tho first and s o cond strand cDNA r e actions 
are p ref e rably p c rfbrmed 'i a one tube, introdu c ing tho ligand at or near the 3' 
ond of the double stranded cDNA produced. The ligand coupled cDNA may 
then bo isolat e d by binding to a solid support coupled with a hapten to which 
the cDNA will bind through ligand hapt e n interactions, th e reby allowing the 
concentration of the cDNA and exchange of tho bu ffe r without organic 
extraction and precipitation. Su bs equ e ntly, th o bn nnd cDNA is released from 
tho solid phaso support by restriction enzymo digestion. This asymmetric 
cDNA is then cloned diroctionally into a vector that contains the appropri ate 
termini (ono terminus match o s the r e striction site usod to re le ase the cDNA 
and tho other terminus is blunt ended). Subsequent or prior to cloning into a 
vector, specific cDNA soquonces (e.g., genes or gene fragments) mayb e 
selectively isolated using target specific primer adapt o rs of the inv e ntion. In 
addition to tho elimination of multiple tim o consuming extractions and 



coifr 




30 adaptors and cDNA fractionation (normally a necessary step to remove exce s s 




i solation of larger amoun t s of cDNA and the construction of cDNA libraries 
from nanogram amounts of poly A i RMA or mRNA without the need for PCR 
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amplification. Tho inv o ntion also proudu , a J im pl c .e l ection tnrhn^^ 



a a o whic h 1 

XOPY 



allows isolation of desired genes or gono fragments from the constru* 
cDNA library. 



5 Sources of Nucleic Acid Template Molecules 

Using the methods of tho invention, nucleic acid molecules and in 
particular cDNA molecules may be prepar e d from a variety of nucl e ic acid 
t emplat e m olecules. Pref e rred nucleic acid molecules for use in th e present 
invention include single stranded or double stranded RNA. More preferred 

10 nucleic acid molecules include polyadenylatod RNA (polyA+ RNA); 

mess e nger RNA (mKMA), transfer RNA (tRMA) and riboaomal UNA (rRNA) 
mol e cules, and most preferred are mRNA and polyA- i RNA molecule s . 

The nucleic acid template molecules that arc used to prepare nucleic 
ac id o r o DNA molecules ac iuidiug tu th e met h o ds of t hn prrriP nt invention 

15 may be prepar e d s^thetically according to standard organic chemical - 
synth e sis methods that will be familiar to one of ordinary skill. More 
pref e rably, the nucleic acid template molecules may bo obtained from natural 
sources, such as a vorioty of cells, tissues, organs or organisms. Cells that may 
be used as sources of nucleic acid molecules may be prokaryotic (bacterial 

20 cells, including those of species of tho genera Escherichia, Bacillus, Scrratia, 
Salmonella, Staphylococcus, Streptococcus, Clostridium, Chlamydia, 
Neisseria, Treponema, Mycoplasma, Borrclia, Legionella, Pseudomonas, 
Myc o bacterium, Hel ic obacter, Erwinia, Agrobactcrium, Rhizobium, and 
Sti ' cptomyces) or oukaryotic (including fungi (especially yeasts), plants ^ 

25 protozoans and other parasites, and animate including insects (particularly 

Drosophila spp. cells), nematodes (particularly Cacnorhabditis clegans cells), 
and mammals (particularly human cells)). 

Mammalian somatic c e lls that may be used as sources of nucleic acids 
include blood c o lls (reticulocytes and leukocytes), endothelial cells, epitholial 

30 colls, neuronal colls (from th o ccntial or p er ipheral n e rvous syst e ms), muscle 
cells (including myocytes and myoblasts from skeletal, smooth or cardiac 
muscle), connective tissue cells (including fibroblasts, adipocytes ? 
chondrocytes, chondroblasts, ostcocytes and osteoblasts) and oth e r stromal 
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cells (e.g., macrophages, dondxitic cello, Schwann cells). Mammalia i 
cells (spermatocytes and oocytes) may also bo used as sourc e s of nu ct 
for. use in tho invention, as may the progenitors, precursors and st e m colls th nt 
givo rise to the above somatic and germ cells. Also suitable for use as nucleic 
acid sources are mammalian tissues or organs such as those derived from 
brain, kidney, liver, pancreas, blood, bone marrow, muscle, nervous, start; 
genitourinary, circulatory, lymphoid, gastroint e stinal and connective tissue 
sources, as well as those derived from a mammalian (including human ) 
embryo or fetus. 

' Any of the above prokaryotic or cukaryotic cells, tissues and organs 
maybe normal, dis e ased, transfonnod, e stablished, progenitors, pr e cursors, 
fetal or embryonic. Diseas e d c e lls may, for e xample, include those involved 
in infectious diseases (caused by bacteria, fungi or yeast, v i ruses (including 
AIDS) or parasites), in genetic or biochemical pathologies (e.g., cystic 
fifeee sis, h e mophilia, Alzh eime r's di se a s e , muscular dystrophy or multiple 
sclerosis) or in cancerous processes. Transform e d or establish e d animal cell 
lines may include, for example, COS cells, CHQ cells, cells, BHK 

colls, HcLa cells, HcpG2 cells, K562 cells, F9 cells and the like. Other cel l s, 
cell lines, tissues, organs and organisms suitable as sources of nucleic acids for 
use in the present invention will be appar e nt to one of ordinary skill in the art . 

Once the starting colls, tissues, organs or other sampl e s arc obtaine d; 
nucleic acid molecul e s (such as mRNA) may be isolated therefrom by 
meth ods th at a r e w e ll known in th e art (Sec, eg,, Maniatis, T., at al 9 Cel l 
i5:687 701 (1978); Okayama, H., and B e rg, P., Mol Call Biol 2:161 170 
(1982); Gubler, U., and Hoffinan, B J., Ccne 25:263 2 6 9(1983)). As 
discuss e d^ tho inv e ntion provides an improvement in isolating mRNA and/or 
polyA+ RNA from samples. The use of the primer adapters of the invention, 
which specifically r e cogniz e and bind polyA+ RNA or mRNA, allows for 
such selection. Preferably, the prim e r adapter recognizes and hybridizes to the 




an prim e r adapt e rs comprising oligo(dT). Once bound, us e of the ligand 
portion of tho primer adapter allows isolation of the desired RNA molecule. 
Tho polyA+ RNA or mRNA molecules thus isolated may then be us e d to 
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prepare 
invention. 



cDNA molooulos and cDNA libraries m i ng tho methods of ft 



Synthe s is of Nnclcic Acid Molecul es 

particular oDNA molecules or cDNA hbrauoa comprising , o ne or more lign nd 
mo l ecul e s arc produced by mixing a nucleic u eid Umip la to ob tai ne d ns 
doBorib- o d above, which is preferably a mPJ JA mol e cule or a polyA+ KNA 
molooulo, with one or more polyp optidoa having polym e rase activity and/ o r 
r o voroo tran o criptaoo activity and with a one or more pi k acr adaptors of th » 
invontion. Under conditions favoring tho rovorao n a nscription an d/nr 
polymerization of tho input nucleic acid mol e cul e , synth es is of a nucl e i c nrid 
molooulo complomontary to all or a portion o f tho template is accomplishe d. 
Proforrodpolypoptidoo (e.g., e nzym e s) having rovoroo Uaa ocriptaoo and /or 
polynioroao activity to be used in the preacnt invention include, but axe n ot 
limited to, Moloney Murine L e ukemia Virus (M MLV) rovo r ac transcript ^ 
Rous Sarcoma Virus (RSV) rovorao transcriptase, Avimi Myeloblas t o si s V ims 
(AMV) rcv e roe transcriptase, Roup Associated Vi r us (RAV) rcveroe 
transcriptase, Myoloblaotooia Aoaociat c d Vims (MAV) rev c roo trans cript ase ; 
Iluman Immunodofici o ncy Vimo (HIV) rev c roo trans cri p tao o , r e troviral, 
rovorao transcriptase, rotrotronopooon rov or ao transcripts , h ep atitis B ro v nr ^ 

trial revers e 




transcriptase, Tlicrmus thcrmopMlus (Tth) DNA polymerase, Thcrmtt s 
aquaticiis {Tag) DMA polymeras e , Thcrmotoga ncopolita n a {Trie) D N A 
polymerase, TJicnnotoga meaitima (Tina) DNA polymerase, Thcrmoc o c ai* 
l itor alic (Tli or V E NT ** 4 ) PM * pnijrmnrnnn. Pxroc o ccus furiosus (Pfii or 
DEEP\ r EMT a4 ) PNAr n1, j Tmpr ' im j Pyrnr.nccus woosii CZVo) DMA 
polymerase, Bacillus stcrothcrmophilus (Bst) DMA polym er ase, S u lfo l cbw 
acidocaldarius (Sac) DMA polymerase, Tlicrmoplasma acidophilum (Tad) 
DNA polymeraoo, Tlicrmus flav u s (Tfl/Tub) DNApolymu aso , Th er m i ts n t b r r 
(Tru) DMA polym?rnr", Thnrmu.* hrncHanus fl3YNAZYME ' fM )-PNA 

polymoraoe, and mutants, variants and derivatives the re of. Parti mlnrl y 
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proforrod foruoo in the invention are tho variants uf t h o s e enzy me f r 
su b stantially r e duc e d in RNao o H activity. By an e nzyme "aubo temtin 
re duced in RNors o H activity/" is meant that tho enzyme has less than about 
20%, more preferably loos than about 15%, 10% or 5 %, a mi moat pr ofnrnM y 

5 le ss than about 2%, of flr T> N"™ w ™tivity nf a wildtypo or "RNase HT - 

enz yme suolvao wildtypo M MLV or AMY reverse u an scriptaocs. T h pS Nase 
II a c tivity of any enzymo may be det e rmin e d by a variety of assays, ouch a s 
ll i o-i b described, for e xa m ple, in U.S. Pa te nt Mo. 5,21 1,797, i n-Ketewie^ 
M.L., ot al, Nucl. Acids Res. 16:265 (1988) and in G erar d, G.F., c t nf t 

10 r CCUS 1 1 ( 5)\0\ (19 ? 2 ), thr d iT- 1riP " r n n nf ^ n nF ^ T hinh arc fully incorporated 

heroin by reference. 

Any ligand to which a hapten moloculo will bind may be used to form 
flip ligand coupled primer adapter molecule used in the present methods. 
S uitable liganda for this purpose includ e , but arc not limited to: (i) biotin; (u) 
15 - ■ an antibody; (iii) an ■ enzyme; -frO tipopolyaaccharido; (v) ap otamof c irin r fr T ) - 
fcrrotransfcrrin; (vii) insulin; (viii) cytokines (growth factors, intorl c ukrns or 
co lony qtimulating factors); (ix) gp!20; (ip P actin; (xi) LFA 1; (xii) M nr 1 ; 

tin; (xvii) 




v ihuncc tm; (: iviii) int c-grins n£x*BA** fe Qcix) intogrina a q fa T *&&*#r; 
20 e^g^^Bbfer^^aH^ fe; (xx) intogrins o ,^r^^#4-aB^ v feH^a) 
i B tegaB5^4^g^4^g^-a«d ^; (xxii) ankyrin; (radii) C3b i; 
Gb i mo gc n or Factor X; (x ,ri v) ICAM 1 oi ICAM 2; (xxv) s p ectrin or fodrin; 
(xxvi) CP1; (x - xvii) a cytokine? {e.g., g-Hn U h fa c tor, intcrlculrin or colony 
s ti mulating factor) r e ceptor; (xxviii) on insulin rec e ptor; (xxix) a transferrin 

25 rcooptor; (mac) Fa* 4 *, Q u o J) p olymyxin P or e ndotoxin neutralizing protein 
(ENP); (xxxii) an enzyme specific substrata; (xxxiii) pro tei n A, protein G , n 
ce ll surfaco Fc receptor or an antibody op ocific antigen; and (xxxiv) avidin 
a ud .UcpUu idin. Mo s t pro forrnrt for u S e4n^e WhuJ , uf the inv enfif tn 
biotin. Th o ligand coupled primer adaptor nucleic a c id molecules, in which 

30 one or more ligand molecul e s arc attached (pref e rably c u valontly) to one or 

more nucl e otides of the p ri mer adapter molecule * * * m a y bo prod uced using 
conventional organic oyntfaooio method s Hut me familiar t o o ne of ordinary 
skill in th o art. For example, tho oligonucleotid e may bo biotinylatcd at the 5' 
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torrninus by first producing 5' amino (NEk) fe i uupa follow ed b y r *nh 1 
ester addition (Long e r, Pit, at al.,Proc. Natl. Acad. Set USA 78:662 
(1981)). In a particularly preferred asp e ct of the inv e ntion, a primer ad apter 
molecule comprising ono or more, two or more, thr o e o r more or four or mor e 
ligand moloculcs, most preferably biotin molecules, io prepared. 

In addition to the ligand molecules, tho primer adaptor mol e cule also 
preferably comprised ono or more ondonucl c a n o cl c avago oiton, preferably 
restr iction on donucl c a o e cleavage sitoo. Those sites facilitate the release of the 
newly synthesized nuclcio acid molecule comprising tho primer adaptor from 
the hapten coupled solid support. Examples of ondpnuclcases which can be 
used in accordance with tho inv e ntion include, but pro not limited to, Gcnell. 
Examples of restriction cndonucloascs which can bo used in accordance with 
tho invention includo, but arc not limited to, Alul, EcoM HI, EcoR V, Fspl, 
Hpal, MscI, Nhtl, Pvull, Rsal, Seal, Smal, Sspl, Stul, Tkal, Aval, BamHl, 
Banll, BglE, Clal,EcoRl, //fedlH, Hpall,Kpnl, MscI, N^ o l,Ndcl, N o t^Ps fl, 
Pvul, SacVSstl, Sail, Xbal, Xhol and I Ccul. 

Tho roDtriction c ndonuclcaoc sit es engineered into tho primer adapter 
mol e cule arc preferably chosen to result in cither blunt ends or sticky ends. 
Examples of blunt end restriction enzymes, the recognition sites for which 
maybe ongin o orod into tho primer adapter molecules of th o i nvention, inclu d e 
without limitation Alul, EcoM III, EcoRV, Fspl, Hpal, MscI, Nml, Pvull , 
Rsal, Seal, Smal, Sspl, Stul and Thai. 

Examples of sticky end re strictio n e nzym e s, the recognition sit e s for 
which may bo engineered into the prim er a daptor mol e cul e s of the inv e nti on, 
include without limitation Aval, BamlTl, BanJl, BglH, Clal,EcoRl, HindUIi 
HpaU, Kpnl, MscI, Ncol, Ndcl, Notl, Pstl, Pvul, SacUS L il, Sail, Xba, Xh ol nnrf 
I Ccul. 

In a particularly preferr e d asp e ct of the inv e ntion, tho prim e r adapter 
molecule is engineered to contain a site recognized by rare cutting restriction 
ondonucleas c s, for e xample, tli ose^ ocognising 8 or more bas e s (e.g., a 8 
bascpair cutt e r, e tc.). Such restriction sites may includ o a Notl restriction sit e, 
a I Ccul restriction site, a PI Pspl restriction site, an I Ppol r e striction site, a 
PI Tlil restriction site and a PI Feel restriction site. The abovo mentioned 
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restriction anzymoo, and othors that may be cquivalontly aood in th« ""j^jj^PY 



of mo present invention, aro available commercially, for example fro ]n 



Technologies, Iuc. (Rochrfflo, MP). S e e also Roberts, R.J., Nucl. Acids f fr i- 
i7(Suppl.):r3 17 r?^? ( 10<, °), fnr ntW mmmplos of restricti o n e nzyme s n nrl 
their cleavag e site s : 

t ed, it 




is used to produce nucleic acid molecules from the inpu l nu c leic acid m in e 
any of a number of well toown techniqu e s. Such syntheti c leelmi qu c s inv ol ve 
hybridization of the primer adapter to the nucleic acid tem p l at e and o xt r>ndin S 
the primer adapter to make a nucleic acid niolocule complementary to a l l, nr n 
portion of the template. Such synthesis is accomplished hi the pr e s en t of 
nucleotides (e.g., dcoxyribonucl c osid o tripho sp hat e s (dNTPs), 




or more polyp e ptides having polymerase and'or revers e Uo uo cii p t ao o nrr iv ity 
The primer adaptors of the invention maybe used in any nucl e ir nnd 

nucleic acid sequencing, using well known t e chniques. For synthesis of 
cDNA, the primer adaptor molecules of the invention may bo used in 
conjunction with methods of cDNA synth e sis ouch as th o se d e scrib ed in 
Exomplo 1 below, or others that aro w e ll lmpwn in th e art (sec, e.g., Gubler , 
U.. and Hoffman, D.J., Gene 25:263 269 (19 S 3) ; Krug, M.S , nnd-BergerrS^ 





l id Spring Harbor 

L a bm aLui y T re ss, pp . 8 60 S 63 (19S7)), to produce cDNA m olpnsteH* 



25 librari e s. 



Alternatively, the primer adaptor molocules of the invention may be 
used in single tube synthesis ofcDNA mol e cul e s accord i ng to the invent ion 
In thin approach, tho input nucleic acid molecul e (p icfor ably a mP - N A nr 
p olyAi- RNA molecule) is hybridized in solution with the pr im e r ad a pt er 




polypoptido (eg., an enzymo) having rev e rse t n mt ,uipl a& o a c tivity (w hirr, is 
proforably any of those described above) in t h o ui u^ o n c c of dNTPi n nd 
cofaotors ne e ded for cDNA synthoais. Following first u Ua nd synthesis, the 
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second oDNA strand may then be Gynthosiaod i n the s ame r enrrinn - v 
modified Cublcr Hoffinan reaction (DAlcssio, J.M., ct ah, Focus 9: 1 
Other techniqu e s of cDNA synthesis in whic h U io method s n f t h^HHvafeg 
ma y bo advantageou s ly us e d ^wili be r e adily apparent L o u na of ordin ary nV TO 
5 in tho art. 

Isolation of Nucleic Acid Molecule s 

According to the pr es ent methods, single strand e d o r dou b l e sfrnnd e d 
naele ic a cid m ol ecul e jp c DNA molc rnle s o r cDNA l ihiai i e s) comp ris e 
10 one or more prim e r adapt e ro ^ill be produced. Such nucl e ic acid molecul e s o r 
lib ia ac s m ay th e n be m p idly isolated from oolution by b i n ding the m icloir nnd 
l uulceol c s to a solid su pp o rt comprising o ne or more ha p t e n mol e cul e s t hnt 

will bind the Uganda. 

hi the practice of tho invention, any sol i d support to which a ligand 
15 ■ s p e cific hapten mo l ec u le can be b ou nd raa y bo used. Pre feged-saehHselM 
ph a se supports in cl ude , but arc not limit ed to, nitro ce lh d.i i sc, diazoc o ilulo se, 
g la^, p olystyrene, polyvinylchloridc, polypropylene, po ly e thyl e n e, d^trmr ; 
S c pharosc, agar, starch, nylon, beads and nlicrotitre pl a t e s, Pr eferred nre 
beads made of glass, latex or a magnetic mat e rial, and particularly pr e f e rre d 
20 ar c magnetic, paramagnetic or sup e rparamagn e tic b e ads. Linkage of th e 

hfl^Hne l c culo to the solid s upport c an bo accomp li ^ li e db >■ any method of 
h apte n coupling ouch ns c oval c nt, hydrophobic or ion ic c o upli n g (includ ing 
coating) that will bo familial- to ono of u idmai y skill in t n w n rt 

Acoording to tho invention, any hapten mol ec ule having the capability 
25 of binding the ligand mol e cule that is coupled to the prim e r adaptor molecule 
(and that therefore is contained in the nucl e ic acid molecul e s produ ce d by t n« 
p i^ mt m e thods) maybe us e d. Particula r ly preferred h ap t e n mol ecu l e for 
tue i n d i e invention (which corr e spond in order to the l iga nd mol e cule lift e d 
above) include without limitation: (i) avid i n and atrcpt avid m; (ii) pr o t nin \ > 
30 protein G, a cell surface Fc r ece ptor or an an t ibody specific ant igen; (iii) an 
es gyra o s pecific sub oLiato; ( iv) polymy xi n B or endotox in n ontraliring prot ein 
(ENP ); (v) Fe^ , ( \ i ) i ' r nr nptor. (vii) an maulin receptor; (viii) n 

cytokine (e.g., growth factor, intcrloukin or colony stimulating factor) 
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receptor; (ix) CD1; (s) spectrin or fbdrin; (xi) ICAM 1 or ICAM °; 
fibrinog e n or Factor X; (xiii) ankyrin; (xiv) int o grins ^ $±r&£vr&>$x 
a^W^g s ; (xv) intogrins c^ fcr^^^ygad-a^ ; ( xvi ) ^tegrina a# 
a^^n^^^^^fe^e^aad-g^^ (xvii) intogrins a^ -aad^&t 
(xviii) \dtronoctin; (xix) fibroncctin; (xx) collagen; (rod) laminin; (xxii) 





inisulin; (xxix) forrotrartoforrin; (xxx) apotxansforrin; (xxxi) 
lipopolysaccharido; (xxxii) an enzyme; (anpdii) an antibody; and (xxxiv) 
biotin. 

For oxamplo, in a proforrcd asp e ct of tho invention where tho primer 
adaptor mol o culo and the newly synthesized nucleic acid molecules compriGe 
biotin, a biotin binding hapten such aa avidin or stroptavidin may bo linked to 
tho oolid support. In a particularly preferred ouch aopect, tho oolid support 
us e d is avidin ~or stroptavidin coupled magnetic, paramagnetic or 
Gupcrparamagnotic beads which are commercially available, for example, from 
Dynal A.S. (Palo, Norway) or from Sigma (St. Louis, Mio o ouri). Of course, 
tho choice of hapten will depend upon the choioo of ligand used in the 
production of tho primer adapter molecule; appropriate haptens for use in the 
mothoda of tho invention will thus bo familiar to one of ordinary drill in th e 



To isolate tho nucleic acid molecules produc e d by the mothodo of tho 




tho primer adapt e rs of tho invention is contacted with tho hapten coupl e d ooli d 
support under conditions favoring binding of tho ligand by the hapten. 
Typically, theso conditions include incubation in a buffcrod salt solution, - 
preferably a TPJS , phosphato , HEPES or carbonate buff e red sodium 
chloride solution, moro preferably a THIS buff o red sodium chloride solution, 




10 mM TRIS HC1 and about 1 M NaCl, at a pH of about 6 9, more preferably 
a pH of about 7 8, still moro preferably a pH of about 1.2 7.6, and most 
prof o rably a pll of about 7.5. Incubation is preferably conducted at 0°C to 
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about 25 °C, and most proferab 

preferably about 15 90 mimitoa, and moat p r o fcrably about 60 minut* 
allow tho binding u f flic ligcind r.uup l c d nucl e ic nUd m o l ec ul e s t n t h e hapten- 

oouplcd ootid support ? 

Om c the nucleic a c id molecules have been bound l u the solid p hon e 
support, unwan te d or contaminant materials (o u ch ao buffers and enzymes 
from first and second atrand synthes is rcaotionc, untranccribcd mput RNA 
rnoloculoo, etc.) may be cum ulate d by simp l y r om nv in g thorn in the 
sup omatants. F ui e xample, in i p icfax cd asp ed. i n '. ^Mch b in r inylrvted^NA 
molecules ar e bound to a on d m or atropt cr a di n coupl e d rolid phase, the 
contaminants may be removed by gently aspi iai ing a nd di s enrding th e 
supc rnatants. In a particularly p iqued aud i a a p nrt in whiVh^dm-ef 
str c ptavidin coupled magnetic, pa r amagn e tic u i aupup aram ngnntic beads^e 
u,o d ao tho aolid .uppo rt, th e mid d c aci d ( e. g., cDM/ N) aeetaH«ig%aadwe 
segregated from th o supcrna t ants uaing a m agnet-fe ud i as a Magn a Sep 
Magnetic rarti tlc Se para tor. 1 ifc Te Oino l o gi ^ Tnr ) n nd-tfa^ u p crnatants a r e 
withdrawn usin fa a p i pette. Pri m L u t he ir rol caon fro m tho roh d n n pperMfae 
iin mobiliz o d nu e le ic acid m olec ul e ar c pr c fr rn bly waah o d onn o r more tim c^ 
for cxamplo w it h one of the bu ffere d salt coln tinni- d uou ib c d a b ove, t n m ore 

fully removo unwanted materials. 

O i io o tlie contamin a nt have be e n full> ' removed, th e nucl e ic acid ( n S : 
o DNA) molecul e s may be rel ease d from tho s o lid support by contacting the 
support with an en d e u ua ca ao, which m a y b ^esft i cLiu n e ndonu clcn^ that 
s p o cificallyrc c ogni aes4he-s cquonco ori gi a co r c d into the pi-im c r a dap t e r 
mol o culo as d e scribed above, under con d itions favoring t Lc cleavag e n f t h e 
ic o o gnition sequ e n c e. In a p art i c ularly pr o f rW „ ul 1 i asp ec t of t he invention 
hi which a N o ll and'or I Ccul recognition s e quence io o ug i n c ored in to t h e 
primer adapter molecule (and ia thuo cont ai ned in tho newly synth e s iz e d 
nucleic acid W, eDNA) m o l oi ul u, ), the soli d nnp p or4 ^ co ntactod with a 
o ul ut ion comprising Noi l a ad 'ui I Cl u l Of mnnn, th e c h oice of restri cting 
u u ^m o us e d to r olcn^, Hi e uuclu L aci d m plrmle i frem-tho .olid support wi ll 
depend upon tho specific recognition site eng ine ered int n the primer ad a pt e r 
moloculo and the possibility of that rocognit iu n site being p resent in the 
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nucleic acid molecules. Preferred conditions for rele a se of th o nucleic 




moloculca (e.g., cDNA or ct)NA libraries) fi o m the solid support inc! 
incubation at about 20°C to abo u t 10°C, prof o rably a t about 25°C to about 
39°C, more pref e rably about 30°C to about 37°C, and most pr e ferably a bo u t 
5 37°C, for about 30 1 80 minutes, preferably about CO 1 50 minutes, and moot 
pr e fe r ably about 120 minutes. Follow in g their rele a s e from the solid support, 

proce s sed and further p ur ified in accordan c e with tho inv e ntion, or by 
techniques that are well known in the literature (see, e.g., Gubl c r, U., an d 
10 Hoffman, B.J., G o ne 25:263 269 (1983); Krug, M.S., and Ecrgcr, S.L., Moth. 
E iu ymol. 152:316 325 (1987); Sambroolc, J., ct al, Molecular Cloning: A 
La b o i alo iy M a nual, 2nd o. L, Cold Spring H aibu i, r TY: C old S pring Harbor 
Labo r atory Press, pp. 8 . 60 S.6 3 (1987)), and others that be familiar t o on* 
ef ordinary skill in tho art. 

15 

Kits 

The pr e sent inv e ntion also provides lata for uao in production and 
isolation of nucleic acid molecules (e.g., cBNA mol e cules or libraries). Kits 
according to this aspect of the inv e ntion coMprioo a cau i o r means, s u c h n 

20 box, carton, tube or tho like, having in clo s e confinement the re in on e or m o r e 
containers, such as vials, tubes, ampules, bottle s-aad^he like, wher e in a firs t 
container contains one or more primer adapter nucleic acid molecules, whi ch 
am uiufciably bio t inytnt r rl pri rn rr n rl npf ~r tt"^™<» ir.?ri mnlonil c s. In other 
a s pects, tho kits of the invention may further compripo one or more additio nnl 

25 eontain c rs containing a hapten coupled solid support, which maybe any of th* 
above d es crib e d solid supports and which is moot pr e ferably avidin or 
strc ptavidin coupled magnetic, paramagnetic or superparamagnetic beads. I n 
addi tional asp e cts, the kits of the invention may furth e r comprise one or more 
additional containers containing, for example, one or uo ic nucl e otid e s ( n g , 

30 dfrnTs, ddNTPs or derivatives thoroof) or ono or moro polypeptides {e.g., 

yiufui ably any of tho s e on-7 vmos described above. Such nucleoti d e or 
d e rivativ e s thereof may include, but aro not limit e d to, dUTP, dATP, clTTP, 
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dCTP, dGTP, dUP, 7 dcaza dGTP, a thio dATP, a thio dTTP, a th i 



10 



a thio dCTP, ddUTP, ddATP, ddTTP, ddCTP, ddGTP, ddlTP, 7 dea^ 
ddGTP, a thio ddATP, a thio ddTTP, a thio ddGTP, a thio ddCTP o f 
dcrivativeo thereof, all of which arc available commercially from sources 
including Life Technologi e s, Inc. (Roclcvillo, Maryland), New England 
BioLabs (Beverly, Massachusetts) and Sigma Chemical Company (Sa int 
Loins, Missouri). Additional ldto according to the invention may comprise 
one or more additional containers containing one or mor e c n d onucl c ase c or 
restriction enzymes us e d for relcaso of the nucleic acid molecules (eg., cDNA 
mol e cules or cDNA libraries) from the solid support. The lata e ncompa ss ed 
by this aspect of the present invention may further comprise additional 
reagents (e.g., suitable buffers) and compounds necessary for carrying out 
nucleic acid reverse transcription and/or polymerization protocols. 



15 Uses • 

The present invention can be used in a vari e ty of application s requiring 
rapid production and isolation of nucleic acid molecules. The invention is 
particularly suited for isolation of inRNA or polyA+ RNA mol e cules, for 
isolation of desir e d nucl e ic acid molecul e s from a population of nucleic acid 

20 molecul e s, and for production of nucleic acid molecules (particularly full 
length cDNA molecul e s from small amounts ofmRNA) ? 

The invention is also directed to methods for the amplification of a 
nucleic acid mol e cule, and to nucleic acid mol e cules amplified by to thes e 
m e thods. A c cording to this asp ec t of the invention, a nucleic acid mole c u le 

25 maybe amplified (i.e., additional copies of the nucleic acid molecule 

prepar o d) by amplifying the nucleic acid molecule (e.g., a cDNA molecules) 
of the inv e ntion according to any amplification method that is known in the 
art. Particularly preferred amplification methods according to this asp e ct of 
the invention include PCR (U.S. Patent Nog. 1,683,195 and 1,683,202), Strand 

30 Displacomcnt Amplification (SPA; U.S. Patent No. 5,155,166; EP 0 681 315), 
and Nucl e ic Acid S e quence Bas e d Amplification (NASBA; U.S. Patent No - , 
5,409,818: EP 0 329 -822). Most preferr e d arc those methods comprising one 
or more PCR amplifications. - 
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Tho invention is also directed to methods that may b e u s ed to 




recombinant vectors which comprise tho nucleic aoid mol e cul e s o r a r|in 
nucleic acid molecules of tho present inv e ntion, to host c 1 , 1b which comprise 
those recombinant v e ctors, tomothodo for tho production of a r e combin ant 
polypcptido using these vectors and host cells, and to recombin ant 
polypeptides produced using theso methods. 

. invention by inserting, using methods that are well lmovm in tho art, one or 
more of the nucleic acid mo lecules or amplified nucleic acid molecules 
prepared according to tho present methods into a vector * * * * Tho vector 
used in this asp e ct of tho invontion may be, for oxampl c , a phage or a plasmirj , 
and is preferably a plasmid. rrcferr o d arc vectors comprising cis a ct ing 
control regions to tho nucleic acid encoding the polypeptide of interest. 
Appropriate trans acting factors may be supplied by Q iu h o ot, suppli er ! by n 

i duction into 




tho host- 
In certain preferr e d emb odim ents in this regard, the vectors ar e 
expression vectors that provide for sp e cific expression of t ho cDNA mol ecule 
or nucloic acid molecule of the invention, which v e ctors m ay bo inducible 
and/or coll typo specific. Particularly pref e rr e d among budi v e ctors are t hn np 
inducible by environmental factors that aro oasy tu manipulate, su ch m 
temperature and nutrient additives. 

Expression vectors useful in the present invontion include 
e hromosomal , episomal and virus derived vectors, e.g., v ic to r s d e riv ed from 
bacterial plasmids or bacteriophag e s, and v e ctors derived f r om combina tion 
thereof, such as cosmids and phagemids, and will preferably include at lenif 
ono sel e ctable marker such as a tetracyclin e or ampicill i u instanc e gonn fn r 
culturing in a bacterial hoot cell. Trior to insertion into t> uch an expr e ssi on 
vector, tho nucl e ic acid molooulos {e.g., cDNA molecule.) or amphficd 
nucloic acidmoleuilu , of tho invontion should bo ope iat ivcly linked to n n 
appropriate p ro mot e r, such as tho phage lambda PL pr omoter, tho E. coli lac, 




artisan. 



-40- 



BOS2 499198 1/KPIFFAT 



10 



15 



20 



25 



30 



Among vectors preferred for uso in the present invention inch 




pQE70, pQE60 and pQE 9, available from Qiagon; pBS vectors, Pha 
vectors, BlueGcript v e ctors, pM18A, pNH16a, pNIHSA, pr?H 1 6A, available 
from Stratagcno; pcDNA3 available from Invitrogen; pGEX, pTrxfus; 
P Trc99a, pET 5, pET 9,pKK223 3, pKK233 3, pPR5 1 0, pRIT5 available 
from Pharmacia; and pSPORTl , pSPORT2 and pSV-SPORTl, available from 
Life Tochnologioa, Inc. Other suitable v e ctors will be readily apparent to the 
skilled artisan. - 

Representative host colls that may be used according to the inventi o n 
include, but are not limited to, bacterial colls, yeast cells, plant c o lls and 
animal c e lls. Preferred bacterial host cells include Esche r ichia opp. colls 
(particularly E. coli colls and most particularly E. coli strains PHI OB and 




Strcpiomyccs spp. cells, Envinia spp. cells, Klebsiella spp. cells and 
Salmonella spp, cells (particularly^, typhinmrium cells). Pr e f e rr e d ani rnnl 
host colls include insect colls (most particularly Spodoptcrafrugipcrda Sfft 
and S£21 cells and Trichoplusa High Five colls) and mammalian cells (most 
particularly CIIQ, COS, VERQ, BHK and human colls). These and other 
suitable host c o lls ar e available commercially, for example from Life 
Technologies, Inc., American Typo Culture Collection and Ihvitrogen. 

In addition, the invention provides methods for producing a 
recombinant polypeptide, and polypeptides produced by th e se m e thods. 
According to this aspect of the inv en tion, a recombinant p olypeptide may bp 
produced by oulturing any of the above r e combinant host c e lls under 
conditions favoring production of a polypeptide therefrom, and isolation of the 
polypeptide. Methods for culturing recombinant host cells, and for production 
and isolation of polypeptides th e refrom, are well know to one of ordinary 
skill in the art. 

In other applications, the methods of the invention may bo used to 
generate a g e ne specific cDNA library from a complex po p ulation of poly A+ 
RNA. The methods of tho invention, in combination with polymorphism 




of transcriptional differ e nces between two different DNA populations. 
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Additionally, the primer adapter us e d in tho inv e ntion oan bo design 
eeat ain a regulatory sequence, ouch as a promoter, enhancer or other 
regulatory region. . In on e such aspect, a promoter for T7 or SP6 RNA 
polymerase may bo engineered into tho primor adapter, thereby e nabling the 

5 production of additional copies of the original rnRNA for use in amplification 
or subtraction. Furthermore, "tho methods of the invention can bo uocd to 
isolate poly A I RNA from total RNA, such as from cello, tissues, organs or 
organisms, or to generate a cDNA library dir e ctly from total RN A. In the 
latter application, tho invention is particularly usoful wh o n tho rnRNA of 

10 interest r e presents only a minuto fraction of the total RNA; by tho inv e ntion, 
this low level rnRNA may bo rapidly and e fficiently isolated from the 
background of total RNA and may then be rapidly and efficiently roverie 
transcribed into single stranded or double stranded cDNA molecules for n 
variety of purposes such as cloning and/or amplification. 

15 

It will be readily apparent to one of ordinary skill in tho relevant arts 
that other suitablo modifications and adaptations to tho methods and 
applications describod heroin are obvious and may bo made without departing 
from the scope of tho invention or any embodiment th e r e of. Having now 
20 described tho present invention in detail, the same will be more clearly 
understood by reference to tho following examples, which are included 
h er e with for purposes of illustration only and arc not intended to bo limiting of 
tho invention: 



25 Example 1: — Production and Isolation of cDNA Molecules 

First and second strand oDNA synthesis reactions we r e c ond ucte d no 
des c rib e d in tho instruction manual for the SUPERSCRIPT Plasmid Syot nm 



30 




mRNA was used as starting material to produce a library o f-^40 clones. Th© 



p rimer adaptor used in cDNA synthesis contained four biotin (D) residues: 
B GACT ( B) AGT ( B)T( B)CTAGATCGCGAGCGGCCGC CC (T x $ H(SEQ 
ID NO: 11)]. 
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Briefly, 1 pig .of the biotiaylated primer adaptor was used to pi one first 



15 



20 



strand synthesis for 60 minutes, in a solution containing 50 mM TRIS 
(pi I 8.3), 75 mM KC1, 3 mM MgCb, 10 mM DTT, 500 uM each of dATF7 
dCTP, dGTP and dTTP, 50 pM/rnl Bio p A and 10,000 to 50,000 units/ml 
5 Sup e rscri p t II reverse transcriptase (Life Technologies, Inc.). Second strand 
synth e sis was performed for two hours at 1 6°C using methods described 
previously (Okayama, H., and Berg, P., Mol Call Biol 2:161 (19S2); Gubler, 
U., and Hoffman, B.J., Gene 25:263 (19S3); D'Aloooio, J.M., ct al, FOCUS 
9:1 (1987)), in a solution containing 25 mM TPJS HCI (pH 7.5), 100 mM 
10 KC1, 5 mM MgCU, 10 mM (NH^ sSQ ^ 0-15 mM B NAD 250 pM each of 
dATP, dCTP, dGTP and dTTP, 1.2 mM DTT, 65 units/ml DNA iigaso, 250 
units/ml DNA polymerase I and 13 units/ml RNase H. 

During the final 30 rnin of the two hour second strand cDNA synthesi s 
r eaction, strgptavidin paramagnetic beads wore prepar e d. Briefly ? 
paramagnetic beads (Life T e chnologies, Inc.) were re-suspend e d and 150 pi. of . 
be ad s uspension was placed into a microcentrifuge tube for e a ch reaction. The 
tubes were the placed into a Magna Sep Magn e tic particle Separator (magnet) 
for two minutes, and supernatant removed by aspiration. The beads were then 
wash e d by adding 100 pi of TE buffer (10 mM TPJS HCI (pi I 7.5), 1 mM 
EDTA) to each tube, resuspending beads, and removing sup e rnatant after two 
minut e s as described above. Following washing, the beads w ere rc suspe n de d 
in 160 pi of B i nding Buffer (10 mM Tris IIC1 (pH 7.5), 1 mM EDTA, 1 M 
NaCl) and held at 25 °C until u s e in isolating cDNA- 

Aft e r incubating the second strand cDNA synthesis r e action mixtures 
25 with T4 DNA polymerase, the tubes were placed on ice and the r e action 
t e rminated by the addition to each tube of 10 pi of 0.5 M EDTA. The 
biotinylated cDNA molecules were then isolated by contacting the solution 
with the stroptavidin coupled paramagnetic beads. — Briefly, 160 pi of the 
beads prepared as described above were added to the cDNA reaction mixture 
30 tub e s, and tiro tub e s g e n tl y m i x e d and incubated for 60 min ut es at room 

temperature. Tubes wore then inserted into th e magnet for two minutes, after 
which supematants wer o removed and discarded. The beads ^ vere the n 
washed by gentle resuspension with 100 pi of wash buffer (10 mM TPJS HCI 
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(pH 7.5), 1 mMEDTA, 500 mM NaCl), followed by rc insertion int 
magnet. After two minutes, supernatants were removed and discard 
washing step repeated. Following the second wash, beads wero resuspe aaea — 
in 100 ul of wash buffer, transf e rred into fresh tubes, and washed twice as 
5 above (with five minute exposures to the magnet), 

Follow r ing the second five minute wash, supernatant was removed and 
discarded and oDNA molecules were removed from the beads by incubation 
with Noil. Briefly, 50 \d ofNotl so l ution (1 1 ul of autoclav e d dis t illed w ater; 
5 ill of REact 3 buffer (500 mM TPJS HC1 (pH 8.0), 100 mM MgCU, 1 M 

10 NaCl) and 4 ul of Not I) were added to each reaction tube and tubes mixed by 
gentle pipetting. Tubes were incubated for two hours at 37°C, then inserted 
into the magnet for two minutes* Supernatants containing the cDNA 
molecules were withdrawn into a fresh tube, and the beads gently rcsuspended 
in 20 ixl of TE buffer, rc inserted into the magnet for two minutes, and 

15 s upernatants from this wash combined with th es e containing the cDNA 

mol e cul es from above. To each tube containing pool e d supernatants, 70 pi of 
phenol:chloroform:isoamyl alcohol (25:21:1) -was added and the tubes 
vortoxod thoroughly and centrifuged at room temperature for five minutes at 
14,000 x g. Following centrifugation, 65 pi of the upper, aqu e ous layer were 

20 removed from each tube and transferred into fresh microcentrifuge tubes, and 
32 pi of 7.5 M ammonium a ce tate, 1 ixl (20 pg) of Gly e egcn and 250 pi of . 
cold ( 20°C) absolute cthanol wore added to e a ch tube. Tub e s wore then 
m ix ed an d stored on dry ice or at 70°C for 15 minutes, then centrifuged f or 30 
minutes at 14,000 x g at 4°C. Supernatants w e r e re mov e d and discarded, 100 

25 pi of 70% ethanol were added to the pellets and the tubes were centrifuged for 
two minutes at 14,000 x g at room temperature. Sup e rnatants w e ro removed 
and discarded, and tiro pellets were dried in a speed vac and then dissolved in 
TE buffer (10 pi for 50 200 ng of input mKNA, or 100 ul for 200 5000 ng of 
input tdKNA). Final cDN A yields wore determined by Cerenlcov counting: 

30 

Example 2 : Vector Ligation of cDNA and Introduction into Host Cells 

. From 10 to 50 ng of the oDNA was li gated into a vector (e.g., 
pCMVSPORT) and this ligation introduced into E. coli by transformation as 
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described, in the SUPERSCRIPT Plasmid Syotom manual (Lif e Tr rfot 




Inc.), except the cloning vector woo pr o digested with Noil and Smal , 
such ligation, 50 ng of vector woo ligatod to the u DNA in a 1.5 m l 
microcentrifuge tubo with 1 p,l of 5X T1 DNA ligasc buffer (250 mMTRIS 
IIC1 (pi 1 1.6), 50 mM MgCk, 5 mM ATP, 5 mM DTT, 25% (w/v) PEG 8000) 
and 1 al of T1 Hgasc (1 unit) at 1°C for 16 hours. 



Example 3: — cDA^i Yield Comparisons 

To oxamino the efficiency and yi e ld of oDNA synthesis by the 
mothods of tho invention, cDNA was produced as described abovo and the 
amounts produced were compared to those obtained using an alternative 
commercially available system (SUPERSCRIPT P l a c tnid Syst e m; Lif e 
Technologies, he, Rockvillo, Maryland). Briefly, aft e r introducing t hfl 
pCMVSPORT cDNA ligations into MAX Efficiency DHSa^ -and 
ELcemoMAX® PHI 0B cello, the cells wore plated onto ampicillin 
containing platco to dotcrmino transformation efficiencies. The cDNA insert s 
wore sized by using the SP6 and T7 promoter primers and 40 cycles of PCP. 
on 4 8 randomly chosen colonies for each experiment - 
Table 1 shows a comparison of tho cDNA yields obtained by the 
methods of tho present inv e ntion to thos e obtain e d u si ng the Superscript - 
Plasmid System. 
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T ab le L Comparison of tUc Invention to the SUFERSCRI F 1 

Piasmid Syst e m. 



System 
Tested 



Input mRNA 
per reaction, 



Yield of 
cDN A 



Transformants 
per ligation 

Eff i ciency 




Insert 



ba s epa irs 
{ Range ) 



Present 
Invention 



SUPER 




System 



4000 



5000 



4000 



5000 



447 



649 



27 



234 



1.6 x 10' 



2.5 x 10' 



1.8 x 10 



2.0 x 10' 



4340 

(580 2040) 



4030 

(220 1810) 



■840 

(450 H00) 



4380 

(240 2080) 



10 



Those r o sults d o monotratc that tho present invention produces about 
thr e e to four fold greater yieldo of cDNA than tho SUPERSCPJPT Plasmi d 
System. Furthermore, tho present invention demonstrates approximately 
equivalent transformation e fficionu eb an d average in sert sizes to thosa 
obtaincdAvith the SUPERSCPJPT Plasmid System. Thus, th e pre s ent 
invention provides methods for the rapid and e ffiu uut p rodu c tion of fu ll 
length cDNA molecules without the use of time consuming and yield 
reducing cDNA size fractionation steps. 



15 
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Example 4 : — Production and Isolation of cDNA Using Varying A 

Input mRNA 

Having demonstrated that the methods of the invention produce cDN^ 
rapidly and efficiently, the efficacy of the inv e ntion in producing cDNA from 
varying amounts of input raKNA was examined. In thcao s tudies, the amount - 
ei 
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input mRNA was varied from 5 ng-to 1 jig and the cDNA yield, 
transformation cfficiency~and average insert size determined as 
Results are shown in Table 2. : 

5 Table 2. Yield of cDNA Using D iffere n t Amounts of Input mRNA. - 



Input mRNA 
d er reaction 


Yield of 
cDNA (ng) 


Transformants 


Avg. Insert Size, 
basopairs (Range) 


per ligation 

Mr o 

(ElectroMAX® 
PH10B) 






2- 


■2.7 x 10* 


€00 

(200 2000) 


■50 


4+ 


5.1 x 10 6 


6m 

(280 1600) 


300 




8.0 x 10 6 


(340 2200) 




3S9 


7.5 x 10 6 


(150 2900) 



Thes e results demonstrate that the present invention is capable of 
10 producing large cDNA librari e s (i.e., >10^ clones) from as little as 5 ng of 
input mRNA. Previously, PGR. (a proc e ss that biases the cDNA library) was 
the only method that would have enabled the production of cDNA libraries 
from this small amount of RNA. Together with those above, these results 
indicate that the invention is cap abl e of rapidly and efficiently producing high 
15 quality^ full length cDNA molecules from varying quantities of input mRNA, 
including those that show a low lev e l of expression and thus represent only a 
small fraction of the polyA-*- or total RNA pools: 

Having now folly described the present invention in some detail by 
20 way of illustration and example for purposes of clarity- of understanding, it 
will be obvious to one of ordinary skill in the art that the same can be 
performed by modifying or changing the invention within a wide and 
equivalent range of conditions, formulations and other parameters without 
affecting the scope of the invention or any specific embodiment ther e of, and 



coik 
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that such modifications or changos are intended to be encompassed - 3 ^ 
scope of the appended claims. 

■ AIT publications, patents and patent applications mentioned in thi s 
specification arc indicative of the lev e l of drill of those skilled in the art to 
which this invention pertains, and are herein incorporated by reference to the 
same extent as if each individual publication, patent or patent application was 
specifically and individually indicated to be incorporat e d by r e f ere nce." 

In pertinent part, the disclosur e of United States p r ovisional 
application aerial number 60/122,395, filed March 2, 1999, reads as follows: , 

"The present invention — alleviates, prevents, — reduces — er 

substantially r e duces internal priming , thereby providing 

improvements in cDNA and cDNA library construction. Accordingly, 
the present invention greatly facilitates gene discovery by providing 
e- DNA libraries containing a great e r pe rc entag e of full l e ng t h gen ^Sr 

The present invention ther e for e relates to synthesizing a cDNA 
molecule or molecules from an mRNA template or population of mRNA 
templates under conditions sufficient to increase the total amount of 
cDNA produced, increase the length of the cDNA molecul e s produced, 
and/or increase the amount or percentage of full length c-DNA molecules 

p roduced. In accordance with the invention, any conditions which 

inhibit, prevent, reduce or substantially reduce internal priming may be 
used. Such conditions preferably include but ar c not limited to optimizing 

primer — concentrations, optimizing — r ea ct i o n — temperature s — and/or 

optimizing primer length or specificity. Such result may also be 
accomplished in accordance with the invention by optimizing the reverse 
transcription reaction, preferably by inhibiting or preventing reverse 
transcription until optimum or desired reaction conditions are achieved : 

Conventional methods for constructing cDNA libraries use a 
molar ratio of oligo(dT) primcr/mRfrfA template of 15:1 for first 
strand cDNA synth e sis. The use of such exc e ss amounts of oligo(dT) 
primer allows internal priming of one or more prim e rs to one or more 
of the mRNA templates in the reaction. According to a pr < 
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aspect Of the present invention, the amount of oligo(dT) pnir 
r o duood for synthesis of first strand cDNA to inhibit, prevent, r e 
or substantially reduce internal priming. Preferred molar ratios of 
primor to template range from about 12:1; 10:1; 9:1; 8:1; 7:1; 6:1; 

5 5:1; 1:1; 3:1; 2:1; 1:1; 1:3; 1:3; 1:1; 1:5; 1:6; 1:7; 1:8; 1:9; 1:10 and 
1:12. Preferably, molar ratios of primor (e.g., oligo(dT)) to template 
(e.g., mRNA) range from about 5:1 to about 1:20, although lower molar 
ratio s of primer to template may bo used in accordance with the invention. 
Sp e cifically, molar ratios of primer to template may be below about 1:10; 

10 1:15; 1:20; 1:25; 1:50; 1:75; and 1:100. Preferably, ranges of molar ratios are 
below about 5:1; 1:1; 3:1; 2:1; 1:1; 1:2; 1:3; 1:4; and 1:5. Most preferably, 
ratios of primer to template range from about 10:1 to 1:10; 5:1 to 1:10; 1:1 to 
1:10; 3:1 to 1:10; 2.5:1 to 1:10; 2:1 to 1:10; 1.5:1 to 1:10; and 1:1 to 1:10. 
The optimum ratios of primer to template may vary depending on the primer, - 

15 - mRNA, reverse transcription enzyme and reaction conditions (annealing 
temperature, buffering salts, etc.). The desired primer to t e mplate ratios can 
be readily determined by one skilled in the art. 

In conventional methods of cDNA library construction, annealing or 
hybridizing primor to template is not carried out at a temperature which prevents, 

20 inhibits, reduces or substantially r e duces internal priming. Typically, the mixture 
(o.g,, mRNA and oligo(dT) primer) is chilled on ice after denaturation or heating. 
This process typically caus e s annealing or hybridization of the primer to internal 
sites. According to a preferr e d aspect of the present invention, the temperature 
during the annealing or hybridization between th e prime r arid the t e mpl ate in 

25 maintained so that internal priming is inhibited, prevented, r e duced or 
substantially reduced In accordanc e with the invention, such a r e sult is 
accomplished by carrying out primer annealing or hybridization at higher 
temperatures. Such conditions may also reduce the formation of mRNA 
secondary structures during cDNA synthesis. Preferably, temperatur e s for 

30 annealing or hybridizing primers to the templates range from about 10°C to about 
90°C; more preferably about 10°C to about S0°C: still more pr e f e rably about 
20°C to about 75°C; more preferably about 25°C to about 75°C; still more 
preferably about 30°C to about 65°C; still more preferably, about 37°C to about 
60°C; still more preferably about 10°C to about 60°C; still more preferably about 
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45°C to about 60°C; still more preferably about 15°C to about 55°C; 



preferably about 15°C to about 6S°C. The tcmp o raturo used ^ 





depending op the typ o and amount of p r imer and template and dep e n di ng 
on th o t e mperature optimum of the rovoroo transcription enzyme. The 
optimum tcmporaturo or temperature rangco can bo r e adily dotorminnd by . 

ono skilled in the art- 
Conventional meti 
a so of oligo(dT) primers of a particular length (12 1 G bancs or m nr e) 
Such primer length, however, lowers specificity of the primer th nr ehy 
allowing internal priming. Thus, the invention aloo relat e s to incr ennin g 
Bpocificity of the primers to prevent, inhibit, redu c e or oubot a nt inll y 
roduoo internal priming. In a preferred aspect, primer sp e cificity i n 
increased by increasing the length of tho priram. Thus, for r-TW A 
ynth i 



s 




invention. Preferably, primer l e ngth ranges from ab o ut 20 to about 100 
bases, about 20 to about 75 bases, about 20 to about 60 bas e s, and abou t 
20 to about 50 bases; more preferably about 20 to about 15 bases; more 
preferably about 20 to about 10 bases; and most preferably about 25 to 
about 35 bases. In a preferred aspect, the length of the pri mers are gr at er 
than. 19 bases; more preferably greater than ab ou t 20 bas e s; m or * 
proforably greater than about 25 bases; and still more preferably greater 
than about 30 bases. Such primer lengths refer tu the length of t h e 
primers which anneal or hybridize to the template. O pti mum lengt h n nd 
content (nucleotide sequence) of the primers may vary depending on the 
typo of template, tho desired reaction, conditions, and tho reverse 
transcription o nzym o . In accordance with the in ve ntion, addit ior.nl 
sequences 'and/or modified nucleotides may be included in tho primers of 
tho invention. For example, additional sequonc o a (which do n o t 
necessarily annoal or hybridize to the template) m a y b o included in t h e 
primers of tho invention to assist in cDNA synthesis including soquonccs 
comprising ono or moro restriction ondonuoloaso sites, one or mor e 




biotinylatod nuolootidos), and the like. The typo and length of tho pri mes 
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used in aooordano o with, th o invention can be readily determined 
more skilled in the art.; 

Conventional cDNA synthoais mcthodo do not control or vary 
activity of the roveroo tranacription onzymo to optimize tho reverse 





timo in the reaction. In a pr eferred aspect, r e verse tranacriptaoo activity is 
i nhibited or prevented until optimum or desired reaction conditions are 
achieved. Such a result is accomplished in accordanc e with tho invention 
by the us e of inhibitors (such as antibodies or antibody fragments) which 
inhibit rev e rse transcriptase activity. Such reverse transcriptase inhibitors 
prev e nt or inhibit reverse transcriptase activity at low temperatures such 
that internal priming io prevented, inhibited, reduced or substantially 
reduced. In accordance with th e invention, ouch inhibitors preferably 
prevent reverse transcriptase activity below 3S°C, below 40°C, bolow - • 
15°C, below S0°C, below 55°C, below 60°C, bolow 65°C, below 70°C, 
below 75°C, below 80°C, below 85°C and below 90°C. Depending on the 
thermostability of the enzyme having r e verse tranocriptaoo activity, the 
inhibitor may be designed to inhibit activity of tho enzyme at a point at or 
noar tho temperature optimum for tho onzymo of intotust. Preferably, the 
inhibitor io inactivatod at a temperature bolow or near tho tempera ture 
optimum of th o onzymo used, thereby allowing rovo i oo t r anscription t o 
take place. Thus, the invention gonorally relates to tho use of rovers * 
tran s criptase inhibitors in cDNA synthesis. Tho type and amount of 
inhibitor may vary d o ponding on tho typo and amount of r o v e rs* 
transcription enzyme and depending on the reaction conditions to bo used. 
Th o typ e of inhibitor and conditions used with ouch inhibitor can be 
roadily determined by one of ordinary skill in th e art.- 

In accordanoo with the invention, any one or a comb i nation of the 
abovo improvements to cDNA synthesis may bo usod. Using any one or a 
combination of these improvements provides for improved first strand 
oDNA synthesis (e.g., moro total cDNA, larger cDNA and'or more full 
length oDNA). In accordance with the invention, tho first strand cDNA 
molecules may bo usod as templates to make one or more double stranded 
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nucleic acid molecules (e.g., double strand oDNA molec ri 
incubating one or more of the first strand cDNA molecules pro i 
tbo mothods of tho invontion undor conditions sufficient to malco one or 
moro nucloic acid moloculoa complementary to all or a portion of th o first 
strand oDNA molecules. Conditions for making doublo stranded nucleic 
acid moloculcs preferably include incubation with one — or more 
components consisting of one or more DNA polymerases, ono or more 
nucleotides, one or more buff e ring salts, and one or more primers. In 
another aspect of tho invontion, such conditions are modified to provide 
an increase in tho total amount of doublo stranded cDNA produced, an 
increase in tho length or size of tho double stranded cDNA molecule 
produced, and/or an increase in percentage full length double stranded 
oDNA molecule produced. — Preferably, — such conditions relate to 
optimization of ribonuclcaso (RNaso) digestion after first strand cDNA 
synthesis. During- first strand oDNA- synthesis, if a full length cDNA 
molocule complementary to the mRNA template is not made, a single 
stranded mRNA containing the cap structure will bo present at tho 5' end 
of tho mRNA of the mRNA/cDNA hybrid. If a full length cDNA is 
produced, a double stranded mRNA/cDNA hybrid is produced with no 
singl e strand o d mRNA present. Proforably, such digestion conditions are 
optimized so that tho single stranded mRNA of the mRNA/cDNA double 
stranded molecules formod during first strand cDNA synthesis is subject 
to RNaso digestion. In this manner, cap structure from mRNA/cDNA 
hybrids — which — are not — full length — ate — removed while — full length 
mRNA/cDNA hybrids will retain the cap structure. Thus, cap capture can 
bo used to soloct for full length molecules and sel e ct against molecul e s 
which are not fulllcngth. In a proforrod aspect, the conditions are ouch 
that tho single strandod mRNA of tho mRNA/cDNA hybrid is digested or 
dogradod whilo tho mRNA of tho double stranded mRNA/cDNA hybrid is 
not degraded or not substantially degrad e d. Thus, such RNaso digestion is 
conducted undor conditions such that second strand synthesis is not 
substantially adversely affected. That is, second strand synthesis in accordance 
with tho invontion produces larger doublo strandod cDNA molooulos 
compared to conventional techniques. Conventional RNaso I conditions 
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typically range from 25 u/ug to 10 u/jig mKNA at 37°C and 



. conditions typically ar c 1000 ngfrig mRNA at 37°C. Using c o 
RNase digestion, the average size of double stranded cDNA molecule; 
produc e d is about 200 bases. According to the present invention the average 

5 size of double stranded cDNA molecules produced is preferably greater than 
about 300 bases, greater than about 100 bases, greater than about 500 basen, 
greater than about 600 b ase s, gr e at e r than about 700 bas e s, greater than about 
S00 bases, greater than about 900 bases, greater than about 1 Idlobaso, great e r 
than about 1.5 ldlobascs, and greater than about 2 Idlobases, In one 

10 e mbodiment of the invention, the concentration of the ribonuclcasc, the type 
of ribonucl c ase and r e action conditions arc optimized to improve double 
stranded cDNA synthesis in accordance with the invention. Preferred 
ribonucleases for use in ribonuclcasc digestions include ribonuclcase A 
(KNasc A) and/or ribonuclcasc 1 (RNase I). Generally, low e r t e mperatures 

15 ■ (about 1°C -to about 50°C) and higher salt concentrations (about 5 mM to 
about 5 M) will assist in inhibiting or controlling RNase dig e stion in 
accordance with the invention. Salts used may include sodium chloride, 
potassium, chloride, magnesium chloride, sodium acetate etc. Additionally, 
lowering RNase amounts or conc e ntrations may be us e d to accomplish the 

20 desired result. Such concontrationo for RNase A may range from about 0.001 
ng/ug mRNA to about 500 ng/ug of mRNA and for RNaoc I may range from 
about 0.001 u/p,g mRNA to about 500 u/ug mKNA. Tho incubation 
temperature, RNaoo concentration and salt concentration may bo readily 
determined by one skilled in tho art. In a preferred asp e ct, concentration of the 

25 RNaso A include ranges from 0.1 ng/ug mKNA to 10 ng/p-g mRNA in TE 
buffer (10 mM Tris, pH 7.5, 1 mM EDTA) at 37°C. Alternatively, the 
concentration of tho RNase A can include ranges from 0. 1 ng/ug mRNA to 
500 ng/ug mRNA in 10 mM Trio, pH 7.5 buffer containing 250 mM NaCl 
at 25°C for 30 minutes. Preferably, concentration of the RNase I used 

30 ranges from 0.1 unit/tig mRNA to 1.0 imit^ugmRNA in 10 mM Trie HC1 
(pH 7.5), 5 mM EDTA (pH 8.0), 200 'mM sodium acetate at 37°C. 
Alternatively, tho concentration of tho RNase I can be used at ranges from 
1.0 unit/ug mRNA to 100 units/tig mRNA in the same buffer at 25 °C for 
30 minutes. 
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In another aspoct, tho invontion relates to c a pture orbin di i 




cap structure (e . g., m ? GpppN) of the mRNA before, during or 
strand cDNA synthesis. Thus, the invention relates to selection ofmR NA 
(before first strand synthesis) or mRNA/cDNA hybriJ b (aft e r or du rin g I 
first strand synthesis) which have the cap structure in carrying out the 
methods of tho invention. Such ooloetion or captuie may bo accomplished 
with any cap binding molecule such as oHME, oIFIB peptides, cHME 
peptide fragments (see WO 98/088 6 5) and an t ib o di e s or an tib o d y 
fragments specific for cap structuro. hi a prcforrod ai^a, selection of fh * 
cap structure is accomplished aft e r first strand synthesis. More preferably, 
such cap capture occurs after ribonucloasc digestion in accordanco with 
tho methods of tho invention. For exampl e , mKNA/cDNA hybri di 
subjected to ribonuclcasc digestion arc captured and then u se d for second 
strand cDNA synthesis according to the invention. 

Thus,- the present invontion is generally direct e d to methods of 
synthesizing nucleic acid molecules. Tho presen t i nvention is m ore 
sp e cifically directed to methods of making one or more nuoloic acid 
molocules, especially oDNA molecul e s or cDNA lib iai ies, com prising 
mixing one or more nucleic acid templates (preferably mRNA, poly A 
RNA or a population of rnRNA molecules) with at least one polypeptide 

conditions sufficient to make one or more first nucleic acid molocules 
(o.g., first strand cDNA) complementary to all or a portion of the one or 
more nu c leic acid templates. In accordance with the invention, av rh 
conditions provide for an increased total amount of nucl e ic acid molecule 
(cDNA) produced, compared to conv e ntional procedu r es which do not 
employ tho improved modifications or conditions of the inv e ntion. Th.f» 
invention also provid e s for an increase of length or average size of the 
nucleic acid moloculos (cDNA) produced and/or an increase in the 




pare 

produced, compared to conventional procedures which do not employ the 




amount, length and full length content of th o cDNA p r oduc e d c a n he 
determined by conventional techniqu o o well known in tho art and, a s 
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doccribod heroin. The percentage or average percentages of f ^ 
cDNA in cDNA libraries produced in accordanc e ) with tho inv< 
preferably above about 15%, more pr e ferably above about 20%, more 
pr e ferably above about 25%, more preferably above about 30%, more 
preferably abovo about 10%; more preferably above about 50%, more 
preferably abovo about G0%, moro preferably above about 70%, more 
preferably abovo about 80% and most preferably above about 90%. Such 
full length percentag e s aro preferably determined by r andom □ele ct i o n of 
a portion of tho clones of tho cDNA library of interest ( o .g., 100 to 1000 
clones), sequencing the clon e s and comparing tho sequences to known 

sequence data bases. 

In preferred aspects of tho invention, tho improved r e sults of the 
invention arc preferably accomplished by one or a combination of 
modifications to tho conditions for nucleic acid or cDNA synthesis. Such 
conditions -preferably include modifications- -for improving first strand 
cDNA synthesis and/or improving s e cond s trand cDNA synthesis. 

In a preferred aspect, the invention specifically relates to methods 
of making ono or more double stranded cDNA molecules comprising 
incubating one or moro mRNA mol e cules (preferably a population of 
mRNA molecules) with one or moro primers of the invention n t 
tomporaturcs and primer concentrations- to prevent, inhibit, r e duce or 
substantially reduce internal priming prior to or during first strand cDNA 




moro inhibitors of rev e rse transcriptase activity in accordance with the 
invention. Ribonucloasc dig e stion is preferably cond uc ted b e fore s econd 
strand cDNA synthesis and at ribonucl o asc concentrations sufficient to 
increase tho length, amount and/or size of double stranded cDNA 
molecules produced during s e cond strand synthesis. In accordance with 
tho invontion, cap capture is preferably accomplished during or a fter the 
ribonucloase digestion. - 

Tho invontion is also directed to nucleic acid molecul e s an d 
cDNA molecules or populations of cDNA molecules (single or 
doublo stranded) produced according to th e abovo described methods 
and to vectors (particularly expression vectors) comprising these 
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nucleic acid molecules and cDNA molecul e s. The inv e nti o n 
rolatea to hoot colla containing such cDNA molecules and/or v 

The inv e ntion is also directed to kits for uoo in the m e thods of 
tho invention.. Such kits can be used for making oinglo or double. 

carrier, ouch ao a . box or carton, having therein one or more 
containers such as vials, tubon, bottles and the like. Such kits may 
comprise at least one component selected from tho group consisting 
of primers (preferably primers having higher specificity and most 
preferably oligo(dT) primers ha\dng a length equal to or greater than 
20 bases), one or more polypeptides having reverse transcriptase 
activity (rovorso transcriptases and DWA polym e rases), one or more 
inhibitors of rovers o transcription (e.g., antibodioo and antibody 
fragm e nts diroctod against polypeptides having RT activity), one or 




directed against cap structure), nucleic acid synthooio r e actio n 
buffers, one or moro nucleotides, one or more vectors, and 
instructions for carrying out the m e thods of tho invention. 

Tho invention also relates to compositions for use in th o invention 
or made whilo carrying out the methods of tho invention. Such 
compositions may comprise at least one primer (e.g., oligo(dT) or 
derivatives thereof) and at least one template in a sa m ple or re act i on 
mixture in amounts or ratios in accordance with the invention. Such 
composition may further comprise one or moro polyp ep tides having 
r o vorso transcriptase activity, one or more reverse transcription inhibitors 
(e.g., anti RT antibodioo or fragments thereof), one or more nucleotides , 
one or moro cap binding molecul e s (e.g., anti cap antibodi e s f o r 
fragments thereof), one or more buffering salts and tho like Such 
compositions may also be maintained at a temperature to avoid intern a l 
priming in accordance with tho invention. 

Tho compositions of the invention may also comprise amounts 
of ribonucloaso in accordance with tho invention. Such compositions 
may furthor comprise at least one component, selected from one or 
more mRNA/cDNA hybrids, ono or more nucleotides, one or more 
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antibodies or fragments thereof) and tho like. 

Tho inv e ntion also relates to one of more antibodies 
5 (monoclonal and polyclonal) and fragments theie u f for use in t h ^ 
methods, compositions and kits of tho invention. Such antibodies, 
include anti cap and/or anti RT antibodies and antibody fragments. 

Other preferred embodiments of the present invention will be 
apparent to one of ordinary skill in tho art in view of the following 
10 drawings and description of tho invention. 



M^-FA TLED DESCRIPTION OF THE PREFERRED 
EMBOD I MENTS 

Definitions: 

15 In order to provide a clearer and consistent understanding of the 

spe cification and claims, including the scope to be given such terms, the 
following dofinitions aro provided. 

Internal -priming as used heroin refers to hybridization or 
annealing of one or more primers at one or mor e sit e s within ono or 

20 more mRNA molecules othor than at tho poly A tail locat e d at the 3' 
te mimi of tho mRNA molecule: 

Library as used herein refers to a set of nucleic acid molecul e s 
(circular or linear) which is representative of all or a portion or significant 
portion of tho D~NA content of an organism (a "genomic library"), or a set 

25 . of nucleic acid mol e cules representative of all or a portion or significant 
p ortion of the expressed genco (a "cDNA library") in a cell, tissue, organ 
or organism. Such libraries may or may not bo contained in one or more 
vectors. 

Vector as used h o rein refers to a plasmid, cosmid, phagemid or 
30 phago DNA or other DNA molecule which is able to replicate 
autonomously in a host cell, and which is characterized by ono or a small 
numb o r of restriction endonuclcas o recognition sites at which such DNA 



-58- 



BOS2 499198_1/KFIFFAT 



10 



15 



20 



25 



30 




sequences may be cut in a., dctcrminablo fashion without lo 
essential biological function of the vector, and into which DNJ 
inserted in order to bring about its replication and cloning. Tft 
may further contain one or more markers suitable for us e in the 
identification of cells transformed with tho vector. Markers, for example, 
include but are not limited to tetracycline resistance or ampicillm 
r e sistance. Such vectors may also contain one or more recombination 
sites, one or more termination sites, one or more origins of replication, 
and the like. 

Primer as used herein refers to a single stranded oligonucleotide 
that is extended by covalent bonding of nucl e otide monomers during 
amplification or polymerization of a DNA molecule .Pref e rred prim e rs for 
use in tho invention include oligo(dT) primers or derivatives or variants 



thereof 



Olig o nucleotide as used herein refers to a synthetic or natural 




are joined by a phosphodiestcr bond between the V position of the 
dooxyribosc or ribosc of one nucleotide and the 5' position of the 
deoxyribosc or ribosc of the adjacent nucleotide. 

- T e mplate as used herein refers to double stranded or single - 
stranded nucleic acid molecules which are to be amplified, synthesized or 
s e qu e nced. In the case of a double strand e d mo l ecules, denaturation of its 
strands to form a first and a second s trand is preferably p e rformed b e fore 
these molecules may be amplified, synthesized or sequenced, or th e 
double stranded molecule may bo used directly as a template. For single 
stranded templates, a primer, complementary to a portion of tho template 
is hybridized or anneal e d under appropriate conditions and one or more 
polymerases or reverse transcriptases may then synthesize a nucleic acid 
mol e cule complementary to all or a portion of said t e mplate. Tho newly 
synthesized molecules, according to the inventi o n, may bo e qual or 
shorter in length than the original templat e 

Incorporating as used herein means becoming a part of a DNA 



and/or RNA molecule or primer.- 
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Amplification as used herein refers to any in vitro m 
increasing the number of copies of a nucleotide sequonco with th * 
polymerase. Nucloic acid amplification results in the incorporation of 
nucleotides into a DNA and/or RNA molecule or prim o r ther e by forming 
a now molecule complementary to a tomplate. The formed nucleic acid 
molecule and ito template can bo used as tomplat c a to synthesize 
additional nucleic acid molecules- As used herein, one amplification 
reaction may consist of many rounds of replication. DNA amplification 
reactions include, for example, polymerase chain reactions (PCRj. One 
PGR roaction may consist of 5 to 100 "cycles" of denaturation and 
synthesis of a DNA molecule. 

Nucleotide as used heroin refers to a base sugar phosphate 
combination. Nucleotides arc monomelic units of a nucleic acid sequence 
(DNA and RNA). The term nucleotide includes ribonucleosidc triphosphate 
15 ATP, UTP, CTG, GTP and deoxyribonuolooside triphosphates such as dATP; 
dCTP, dITP, dUTP, dGTP, dTTP, or derivatives thereof Such derivatives 
include, for example, [aSjdATP, 7 deaza dGTP, 7 d e aza dATP, and 
biotinylatcd or haptonylated nucleotides. The term nucl e otide as used her e in 
also refers to didcoxyribonuclcoside triphosphates (ddNTPs) and their 
20 derivatives. Dlustrated examples of dideoxyribonucleosido triphosphates 

i acludo, but are not limited to, ddATP, ddCTP, ddCTP, ddlTP, and ddTTP. 
According to the present invention, a "nucleotide" maybe unlabeled or 
dot c ctably labeled by well known techniques. Det e ctable lab e ls include, for 
example, radioactive isotopes, fluorescent labe l s, chomiluminesccnt labels^ 
25 bioluminesccnt labels and enzyme labels. - 

nybridization or annealing as used herein r e fers to base pairing of 
two complementary single stranded nucleic acid molecules (RNA and/or 
DNA) to give a double strand e d molecule. As used heroin, two nucleic acid 
molecules may bo hybridized or annealed, although the baso pairing is not 
30 completely compl e mentary. Accordingly, mismatched bas e s do not prevent 
hybridization or annealing of two nucleic acid molecules provided that 
appropriate conditions, well known in tho art, are used. In the pres ent 
invention, the term hybridization or annealing preferably refers to 
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hybridization of one or moro primers (o.g., oligo(dT) or derivativ es t lj * 

one or more tomplatos ( e .g., mKNA) 7 

Host cell to uood horoin refers to any prokaryotic or oukaryotic cell 
that is the recipient of a roplicablo expression vector or cloning voctor. The 
torroo "hoot" or "hoot ooll" may be used interchangeably heroin. For oxamplea 
of such hooto, ooo Maniatio 'at al, "Molecular Cloning: A Laboratory Manual," 




Prbforrod prokaryotic hooto iricludo, but aro not limited to, bacteria of the 




Caiyophanon, etc. The moot preferr e d prolearyotic hoot in E. coli. Bacterial 
hooto of particular intcroot in the present invention inoludo E. coli otramci 
K12, DH10D, DII5d, Stbl2 and HD101, and othcro available from Life 
Tochnologioo, Inc. Preferred oukaryotic hooto include, but arc not limited 
to, fungi, fioh oollo, yeast cells, plant collo and animal cello. Particularly 
prcforrod animal cells aro inoect colls ouch ao Drosophila colls, 
Spodoptcra Sf9, S£21 colls and Trichoplusa High Fivo collo; nematode 
oollo such ao C. clcgans oollo; and mammalian cello such ao COS collo, 
CIIO cello, VERO c o llo, 293 collo, PERC6 cells, BIIK cells and hum nn 
cells. 

Expression vector as used horcin r e fers to a voctor which id 
capable of enhancing the expression of a gone or portion of a gone whi ch 

ooll. Tho cloned gone io uoually placed under tho control (i.o., oporably 
linked to) certain control ooquencco ouch as promoter ooquoncco. Such 
promot e rs includo but aro not limited to phage lambda P fc promoter, and 
th o E. coli lac, trp and taa promoters. Other suitable promotoro will b e 
known to tho skilled artisan. 

Tho nucleic aoid templates ouitablo for rcvoroo tranocription 
according to tho invention includo any nuoloic acid molecule or 
populationo of nucleic acid molecules (preferably one or moro RNA 
moloculoo (o.g-, ono or more rnRNA moloculeo or poly A -RNA 
molecul e s, and moro proforably a population of mRNA molcouloo) or one 
or moro DNA mol e cules), particularly thooo derived from a coll or tiooue. . 
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In. a preferred, asp e ct, a population of rnPJ^A niolocul c s (a m i mhf * 
different nxRNA molecules) are tto o d to make, a cDNA library aci ? 

to the present invention. 

To mako the nucleic acid mol o culo or molecules complementary to 
tho ono or more templates, a primer (e.g., an oligo(dT) primer) and on® or 
more nucleotides arc used for miclcio acid synthesis typically in tho 3' to 




according to this aspect of the invention include any nucleic acid 
molecul e , particularly those derived from a prokarv u tic or oukaryotic cpII ■ 
Such cello may include normal cells, diseased cells, transformed cello, 
established cells, progenitor cells, precursor cello, fetal cello, embryonic 
colls, bacterial cello, yeast cells, animal cello (including human cells), avian 
collo, plant cello and the like, or tiaouo isolated from a plant (e.g., corn, 
tomato, tobacco, potato, soybean, etc.) or an animal (e.g., human, cow, 
pig, mouse; sheep, horse, monkey, canine, feline, rat, rabbit, bird, fish , 
insoot, etc.). Such nucleic acid moloculco may also bo isolat e d from 
viruses. 

Tho nucleic aoid moleoulos that arc uood ao te m plates to prepare 
cDNA molecules according to tho methods of tho present invention are 
proforably obtained from natural sourcoo, ouch ao a variety of cell o , 
tissues, organs or organisms. Cells that may bo us e d as sources .of 
nuoloic acid molecules may bo prolcaryotic (bacterial collo, including 




Scrratia, Salmonella, Staphylococcus, Streptococcus, Clostridium, 
Chlamydia, Neisseria, Treponema, Mycoplasma, Borrclia, 
Legionella, Pseudomonas, Mycobacterium, Helicobacter, Erwinia, 




oukaryotic (including fungi (oppocially ycaoto), pl aaLfr, protozoans r rnd 
other paraoitoo, and animals including inoocto (particularly Drosophi l a 




and mammals (particularly human cells)) 7 

Mammalian somatic colls that may be used as sources of 
nucleic acids include blood colls (reticulocytes and leukocytes), 
endothelial colls, epithelial cells, neuronal cello (from tho contral or 
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peripheral ncr\ 7 oua Gystemg) g muscle cells (including myocytes and 




myoblasts from skeletal, smooth or cardiac muscle), connective ti 
cells (including fibroblasts, adipocytes, chondrocytes, chondromas! *; 
osteocytes and osteoblasts) and other stromal cells (eg., macrophages, 

5 dendritic colls, Schwann cells). Mammalian germ colls (sperm atocytes , 
and oocytes) may also be used as sources of nucleic acids for use in the 
invention, as- may the progenitors, precursors and stem cells that give 
rise to the above somatic and germ cells. Also suitable for use as 
nucleic acid sources are mammalian tissues or organs such as those 

10 derived from brain, kidney, liver, pancreas, blood, bone marrow, - 
muscle, nervous, skin, genitourinary, circulatory, lymphoid, 
gastrointestinal and connective tissue sources, as well as those 
derived from a mammalian (including human) embryo or fetus. 

Any of the above cells, tissues and organs may be normal, - 

15 diseased, transformed, established, progenitors, precursors, fetal or 

embryonic. Disea s ed cells may, for example, include those involved in 
infectious diseases (caused by bacteria, fungi or yeast, viruses (including 
AIDS, HIV, HTLV, herpes, hepatitis and the like) or parasit e s), in genetic 
or biochemical pathologies (e.g., cystic fibrosis, hemophilia, Alzheimer's 

20 disease, muscular dystrophy or multiple sclerosis) or in cancerous 

processes. Transformed or established animal cell lines may include, for 
example, COS cells, CHO cells, VERO cells, BHK cells, HcLa cells, 
IIopG2 colls, K562 cells, 293 cells, L929 cells, F9 cells, and the like. 
Other cells, cell lines, tissues, organs and organisms suitable as sources of 

25 nucleic acids for use in the present invention will be apparent to one of 
ordinary skill in the art. 

Once the starting colls, tissues, organs or other samples are 
obtained, nucleic acid molecules (such as mRNA) may bo isolated 
■ therefrom by methods that arc well known in the art (See, e.g., Maniatis,, 

30 T., ct aU Cell 15:687 701 (1978); Okayama, II., and Berg, P., MoL Cell. 
Biol 2:161 170 (1982); Gubler, U., and HofSnan, B.J., Gone 25:263 269 
(1983); and Message Maker TM mRNA Isolation System available from 
Life Technologies, Inc.). The nucleic acid molecules thus isolated may 
then be used to prepare cDNA molecules and cDNA libraries in 
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accordance with tho present invention. The? cDNA molecules and , 
oDNA libraries produced in accordance with the invention arcs pr 
contained in one or more vectors. Such v e ctors may bo introduced into 
one or more hoat colls by standard transformation or transfootion 
techniques woll Imown in the art. Proforrod host cello include prokaryotio 




Enzymes for use in the ™mpr . mtinTir. J methods and kits of the 
invontion inoludo any onzymo having r e verse transcriptase activity. Such 
o rizymoo include, but are not limited to, retroviral reverse transcriptase, 
rctrotransposon reverse transcriptase, hepatitis D rovcrso transcriptase, 
cauliflower mosaic virus reverse transcriptase, bacterial reverse 
transcriptase, Tth DNA polymerase, Tag DNA polymeras e (Sailci, R.K., ot 
al., Science 239: 187 191 (198S); U.S. PatontNos. 1,SS9,SlSand 1,965,188), 
Trie DNA polymerase (WO 96/10640;, Tma DNA polymerase (U.S.. Patent 
No. 5,371,553; and mutants, fragments, variants or dcrivativos thoroof 




08/706,702 and 08/706,706, both filed September 9, 1996, which are 
incorporated by reference heroin in th o ir ontiroties). As will bo understood 
by ono of ordinary olrill in tho art, modified reverse transcriptases and 
DNA polymoraoo having RT activity may be obtained by recombinant or 
gonotio engineering techniques that aro well known in tho art. Mutant 
reverse transcriptases or polymerases can, for example, bo ob tained by 
mutating tho gene or gones encoding tho reverse transcriptase or 
polymerase of intorest by site diroctod or random mutagenesis. Such 
mutations may include point mutations, deletion mutations and ins o rtional 
mutations. Proforably, ono or more point mutations (e.g., substitution of 
one or more amino acids with one or more different amino acids) aro use d 
to construct mutant reverse transcriptases or polymerases for use in th e 




obtainod by dolotion mutation by recombinant techniques that aro well 
known in tho art, or by enzymatic digestion of tho reverse trans criptns eQ O 
or polymeraoo(s) of intorest using any of a numbor of woll known 
proteolytic enzymes. 
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Preferred enzymes for use in the invontion includes those t 
reduced or substantially reduced in RNase H activity. Such onzyth 
arc reduced or substantially reduced in RNase H activity- may bo o frtaraeg 
by mutating the RNase H domain within tho reverse transcriptase of 
5 interest, preferably by one or more point mutations, one or more deletion , 
mutations, and/or one or more insertion mutations as described above. By 
an enzyme "substantially reduced in RNase H activity" is meant that the 
enzyme has less than about 30%, loss than about 25%, loss than abour 
20%, more preferably less than about 15%, less than about 10%, lcss than 

10 about 7,5%, or loss than about 5%, and most preferably loss than about 
5% or less than about 2%, of the R.Nase H activity of tho corresponding 
wildtype or FJS T ase H 4 * e nzyme such as wildtype Moloney Murine 
Loulccmia Virus (M MLV), Avian Myeloblastosis Virus (AMV) or Rotio 
Sarcoma Virus (RSV) reverse transcriptases. The RNase II activity of any 

15 enzyme may be determined by a variety of assays, such as those 

described, for example, in U.S. Patent No. 5,211,797, in Kotowioz, M.L., 
ct aL, NucL Acids Res. 16:265 (19S8), in Gerard, G.F., ct aL, FOCUS 
li(5):91 (1992), and in U.S. Patent No. 5,668,005, the disclosures of all 
of which are fully incorporated herein by refer e nce. 

20 Polypeptides having reverse transcriptase activity for use in the 

invention may be obtained commercially, for example from Life 
Technologies, Inc. (Rockvillc, Maryland), Pharmacia (Piscataway, New 
Jersey), Sigma (Saint Louis, Missouri) or Boehringer Mannheim 
Bioohemicals (Indianapolis, Indiana). Alternatively, polypeptides having 

25 reverse transcriptase activity may be isolated from their natural viral or 
bacterial sources according to standard procedures for isolating and 
purifying natural proteins that are well known to one of ordinary skill in 
tho art (see, e.g., Houts, G.E., ct aL, J. ViroL 29:517 (1979)). In addition, 
the polypeptides having reverse transcriptase activity may be prepared by 

30 recombinant DNA techniques that are familiar to one of ordinary- skill in 
tho art (see, e.g., Kbtewicz, M.L., ct aL, NucL Acids Res. 16:265 (1988); 
Soltis, D.A., and Skalka, A.M., Proe. NatL Acad. Set USA 85:3312 3376 
(1938)). 
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id polypeptides .having reverse transcriptase activil y- 
in the invention include M MLV revers e trans uiip taso, RSV tpv pfs 



transcriptase, AMV reverse transcriptase, Rous As so c ia t e d Virus ( P A V) - 
rcvorsc" transcriptase - , Myolnhl^tfinin Anrcociatod Virus (MAV) reverse 
5 transcriptase and Human Immunodeficiency Virus (HT.Q i u v er se franscript n ^ 
and others described in WO 98/17921 and derivatives, variants, fragments or 
mutants ther e of, and combinations thereof. In a further preferred embodiment, the 
rovoroo transcriptases are reduced or substantially reduced in RNaoc II activity, 
and are most preferably selected from the group consisti ng of M MLV K m y pfiH 
10 liaiA^ip toflo, RSV If r c v e rsfi Uuiiuuiptao o, AMV I T ro vr ru c t ra nscriptase, RA V 
I nevcrs c tran sc ript as e , MAV W r"V"r- ° trnnnrrriptrino and HIV H~ revers e 
transoriptaso, and derivatives, variants, fragments or mutants thereof, and 
c o m binations thereof. Reverse transcriptases of particular interest inoludo AMV 
r^T and M MLV RT, and more preferably AMV RT and M MLV RT having 
15 reduced or substantially reduced RNaso II activity (pr efer ably AMV RT c rH 

/D II 1 an d M MLV RT BT) Tb" tnnr^ pmfnrrrpri rovcroc transcriptases for u s e m 
the invention inoludo Superscript™, Superscript™ R, ThcrmoScript ^-aBd 
ThormoScript™ R available from Lif e Technologies, Inc. S e c generally, WO 
9" '17 921, U.S. P at en t ? *pwp<n ™J s rtfi? DOS thn antiro c ontents of each of 
20 which are herein incorporated by reference. 

A variety ofDNA poiymcrasos are useful in accordanc e vrith tho present 
invention. Such polymerases include, but arc not limited to, Thcrmva 
thcnnophilus (Tth) DMA polymerase, Thcrmus a q uaticus (Tag) DNA 
polymerase, Thcrmotosa'noapoliiana (T/ic) DMA polymerase, Thcrm oto s r r • 
25 maritima (Tma) DNA polymerase, Tli crmococciu litoralis (Tli or VENT "*) 
m^Ayoly-mcraao, PyToeocciisfiiriosis (Pfu) DNA polymerase, DHIfl^rEN F 64 
DNA polymerase, Pyrococcus u-oosii (Pwo) DNA polymerase, Bacillus 
stcrothcfmophilus (But) DNi\ polymerase, i?aci;7to caldophilus (Pea) DNA 
polymeras e , Sulfolobus acidocalddrius (Sac) DNApolymu a ac, Tficrmc p h s m n 
30 aeidophilum (Too) DNA polymerase, Thermits flavu u (TJl/T ub) DMA . 

polymerase, Thermits ruber (Tru) DMA polymerase, TJicvmus bracki a nm 
PYNAZYMB? * *) DNA pol^ c rnnc, Afcihariobact c rium thcrm oautotrophicim 
(Kith) DNA polymerase, Mycobacterium spp. DNA polymerase (Mtb, Mlcp), 
and mutants, variants and derivatives thereof: 
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DNA polymerases, uocd in accordance with the invontioii may b 
enzyme that can synthesize a DNA molecule from a nucloic acid temple 
typically intho 5' to 3' direction. Such polymerases may b o mosophilic or 
mormopMlic. Mcsophilio polymerases inoludo T>\ DNA polymerase, T5 DNA 
polymerase, T7 DNA polymerase, Klanow fragment DNA polymerase, DNA. .. 
polymerase m, DNA polymoraso I and the like. Thermos t able DNA polymera se 
inoludo Tag, Tnc, Tma,Pfu, \ 7 ENT t M , DEEP\rENT B 4 , Tih and mutants, vm i-mtt 
and derivatives thereof (U.S. Patent No. 5,1 3 6,1 19; U.S. Patent No. 5,512/1 6^ -; 
WO 92/06188; WO 92'06200; WO 96/1 06 1 0; Barnes, W.M., Gene 1 12:29 35 
(1992); Lawyer, F.C., et al„ VCRMcth. Appl. 2:275 287 (1993); Flaman, J. M., 
at at, Nucl. Acids Res. 22(1 5) :3259 3260 (1991)). 

DNA polymerases for use in tho invention maybe obtained commercially, 
for example from Life Technologies, Inc. (Rockvillo, Maryland), Pcrkin Elmer . 
(Branohburg, New Jersey), Now England DioLabs (Beverly, Massachusetts) or 
Boehringer Mannheim Bioohemicals (Indianapolis, Indiana). - 

Tho present invention i s also directed to nucl o ic acid m oloculos produ c e d 
by the methods of the invention, which may bo cDNA molecules, e specially- Ml 
length cDNA moloculos, to vectors (particularly expression vectors) comprising - - 
th e se nucleic acid molecules and cDNA molecules and to host cells comprising 
those nucleic acid molecules, cDNA molecules, and'or vectors. 

Recombinant vectors may bo produced according to this asp e ct of the 
invention by inserting,; using methods that arc well known in tho art, ono or more 
of tho cDNA molecules or nucleic acid molecules prepared according to the 
present methods into ono or more vectors. The vector used in tins aspect of the 
invention may bo, for example, a phage or a plasmid vector, and is preferably a 
plasmid. Proforrod arc vectors comprising cis acting control regions to the 
nucleic acid encoding tho polypeptide of interest. Appropriate trans 
acting factors maybe supplied by tho host, supplied by a complementing 




Expression vectors useful in tho present invention include , 
chromosomal , opisomal and virus derived vectors, e.g., vectors dorived 
from bacterial plasmids or bacteriophages, and vectors derived from 
combinations th o foof, such as cosmids and phagemids, and will proforably 
include at least one soloctabl o marker such as a t o tracyclino or ampicillin 
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reristatice gone for cultnring in a bacterial host cell. Prior terms 




such an expression vector, the cDNA or nucleic aoid molecules b E- 



invention should be oporatively linked to an appropriate promoter. 

.- Among vectors proforrod for use in tho present invention includ e 
pQE70, pQE60 arid pQE 9, availablo from Qiagcn; pDS vectors, 
Phagoscript vectors, Blucscript vectors, "p>nH8 A, pNII16a, pNH18A, 
pNHl6A, availablo from Stratagcnc; pcDNA3 available from Invitrogen; 




pRIT5 available from Pharmacia; and pSPORTl, pSPOR.T2, - 
pSV'SPORTl, pCMVSPORT6 and pCAlVSPOR-T availablo from Life 
Technologies, Inc, Other suitable v e ctora will bo readily apparent to the 
skilled artisan. 

Tho invention may be used in conjunction with any methods of 
oDN A synthesis that are well known in the art (soc, e.g., Gublcr, U., and 
Hoffman, B.J., Gene 25:263 269 (1983); Krug, M.S., and D c rgcr, S.L ., 




Cloning: A Laboratory Manual, 2nd od., Cold Spring Harbor, NY: Cold 
Spring Harbor Laboratory Press, pp. 8.60 8.63 (1989); PCT US98/1991S; 
and WO 98/51699) to produce oDNA molecules or librarios. Other 
methods o f cDN A synthosio which may advantageously use tho present 
invention will be readily apparent to one of ordinary skill in tho art. 

Having obtained cDNA molecules or libraries according to the 
present methods, th es e cDNAsmay bo isolated for further analysis or 
manipulation. Detailed methodologies for purification of cDNAs are 
taught in th o GENETRAPPEP,.^ manual (Life Technologies), which is 
incorporated horoin by referenco in its entirety, although alternative 
standard techniques that are known in tho art (see, e.g., Sambrook, J., ct 
ah, Molecular Cloning: A Laboratory Manual '\ 2nd od., Cold Spring 
Harbor, NY: Cold Spring Harbor Laboratory Press, pp. 8.60 £.63 (1989)) 
may also bo used. Tho 6DNA molecules or libraries produced by the 
invention may also bo further manipulated by standard molocular biology 




and amplification. More particularly, tho methods of the invention arid the 
cDNA molecules or librarios produced by such methods may bo used in 
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combination witfrRT PCR and S* RACE technology (Lif o Tocrm|lojae;^ . 
- Inc.) and differential display. 

v a variety of inhibitors and binding mol e cules aro suitable for 
use in the prosont methods. Includod. among these inhibitors or 

5 binding- moloculos aro antibodies that bind to t l io above describe d 
• polypoptidos having rcvorso transcriptas e activity (ouch aa anti PJT 
. antibodies including anti AMV RT antibodies, anti M MLV RT 
antibodies or anti RSV R.T antibodies) or to cap structure (o.g., anti 
cap antibodies), and fragmonts theroof (such aa Fab orF(ab')^ 

10 fragments)^ Such antibodies may bo polyclonal or monoclonal, and 
may bo proparod in a variety of speci e s according to methods that are 
woll known in the art. See, for instance, Sutcliff o , J.G., ct ah, Scicn c r 
219:660 666 (1983); Wilson at al:. Cell 37: 767 (1981); and Bittle, 
V.J.,ctal. t J. Gen. Virol. 66:2317 2351 (1985). Antibodies specific for 

!5" any of the above described revcrso transcriptases or cap structures 
can bo raised againot the intact polymerase polypoptido or cap 
structures or ono or moro fragments thor o of. These polypeptides or 
cap structures or fragments thereof may b o presented together with a 
carrior protoin (e.g., albumin) to an animal system (such as rabbit or 

20 mouse) or, if they are long enough (at least about 25 amino acids), 

without a carrier . - 

Aa uood horcin, the term "antibody" (Ab) may bo used 
interchangeably with tho terms "polyclonal antibody" or "monoclonal - 
antibody" (mAb), except in specific contexts as d e scribed bolo\v. Those 

25 terms, aa usod heroin, aro moant to inoludo intact molecules as woll as 
antibody fragmonts (such, as, for example, Fab and F(ab') 3 fragments) 
which -aro capable of specifically binding to a polypoptido having reverse 
transcriptase activity (such as a DNA polymerase or a reverse 
transcriptase) or cap structures or portions thereof. 

30 Tho antibodies usod in tho mothodo of the present invention may 

bo polyclonal or monoclonal, and may bo pr o pared by any of a variety of 
mothods (sec, o.g., U.S. Patent No. 5,587,287), For example, polyclonal 
antibodies may bo mado by immunizing an animal with ono or more 

r 

polypeptides having r e verse transcriptase activity or cap atructurco or 
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portions thereof according to. otandarditoohniqugp (see, Q-g-, Hnri » 




and Lane, P., Antibodies: A Laborat or y Manual, Cold Spring H nrl 
Cold Spiring Harbor Laboratory Pr e ss (1983); Kaufman, P:B., ct al, In: ■ 

icinc, Bo ca 




monoclonal antibodies (or fragments thereof) to bo used in the pr e sent - 
methods may bo prepared using hybridoma technology that is well know n 
in tho art (Kohlcr at al, Natu r e 256A95 (1975); Kohler atal,Eur. J. 
Immunol 6:51 1 (1976); Kohlor at al, Em . J. Immunol. 5:292 (1976); 
Hammcrling at al, In: Monoclonal Antibody and T Cell Ilybridomas, N*w 
York: Elsevier, pp. 563 681 (1981); Kaufman, P.B., ct al, In: Handbook of 




Florida: CRC Press, pp. 1 11 167 (1995)). 

It will bo appreciated that Fab, F(ab% and other fragments of tho 
above described antibodies may bo used in the mctho d j d e scribed h e r ein 
Such fragments are typically produced by proteolytic cleavage, usi n g 
enzymes such as papain (to produce Fab fragments) ui pe psin (to pr odur w 
P(ab % fragments). Antibody fragments may also bo produced through the 
application of r e combinant DNA technology ox through synth c-fir 
chemistry. 

Tho invontion also provides kits for use in accordance .with the 
invontion. Such kits comprioo a earner moans, such ao a box or carton, 
having in close confinem e nt therein one or moro oontain o r moans, such t rc 
vials, tubes, bottles and the like, wherein tho kit m a y comprise (in t h e 
same or separate containers) one or moro host colic, urn or more r r v nr ie 
tranocriptaaon, one or more rcvoro o transcription inhibitors, one or mor e 
cap binding molecules, one or moro DNA polymerases, suitable buffers, 
one or moro nuolootidos and/or bno or moro primers (e.g., oligo(dT) for . 
revers e transcription). Tho kits encompassed by this as p e ct of tho pres ent 
invontion may furthor comprioo additional reagents and compounds 
nocoooary for carrying out standard nucleic acid reverse transcripti on 
protocols. 

It will bb readily apparont to one of ordinary skill in the relevant 
art that othor suitable modifications and adaptations to tho mothods and 
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applications doacribcd herein arc obvious aiid may be inado witho 
departing from the Gcopo of the invention or any embodiment th 
Having now described the present invention in detail, the same will be 
more clearly understood by reference to the following examples, which 
aro included herewith for purposes of illustration only and arc not 
intended to bo limiting of the invention. 




Examples: 



[Example 5]: 




10 fdT") primcr/mFJ^A - 

This example compares first strand cDNA synthesis of the MAI M gene 
with various ratios of oligo dT primer/starting mPJ>TA: All components are ' 
available from Life Technologies, Inc., Rockvillc, Maryland, unless sp e cified 
otherwise. 

15 The master mix for Superscript II reverse transcriptase (SS II RT) wa s 

prepared as sp e cified in [Table 3] below; 



-71 - 



BOS2 



( 



10 




The master mix for Th ci moScriptTM n RT (TS RT) (AMV RT oH pH+) 
(ooo WO 98/47921) was prepared as specifi e d in [Table 1] below. 



[Table 4] 



Component 


1 1 1 




10X TS n buffer* 




"38 


0.1 M PIT 


a 


38 


lOraMdNTP 


2 


3S 


fe^PdCTP 




9rS 


RNase — OUT (40 


4- 


49 


Water 






Total volume 


9 


m 




mM MgCk Tho master annealing mix was prepared by adding a 5 Kb MAIM 
mRNA, o1igp(dT)g 4 u and water to 5 taboo in the amourtto gpecifiod in [Table 
5] b e low. 

[Tablo 5] 
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Synthesis of first strand cDNA was done by adding 9 
appropriate rovorso "transcriptase master mix, 10 \il of tho master 
"mix and 1 p,l of cither SS II RT (200 units/ ul) or TS II RT (15 units/ ill) 
for a total volume of 20 ul as summarized in [Tablo 6] below. 




{Table 6] 

TSi'h pi 

X UUD 



t orature 



T 0 



44 

~15 



TS n RT 



TS HRT 




TS H RT 



1 A 

1 \J 

t 




10 



50 or 55°C for TS II RT. Tho tubfes were placed on ico to complete tho reaction 
18 ul first stand cDNA of the reaction tube was precipitated a nd ro suspend ed in 
10 ul of wator. 5 ul of the first strand cDNA was mixed with 5 pi of standard 
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loading buffer (CO mM NnOTI, 1 mM EDTA, 0.1% bromopVnet-bfc 
load e d onto 1.1% nil rnhri p agarose gel for analysis. * * * 





- ■ The results show that by r e ducing the molar, ratio o f oligo(dT) 

prim o r/rrA^IA (p iOt rabiy to VI) ia tcmal priming iq i l e^ ^ cr a Q .t rnn^r t fise^as 

almost entirely eliminated. 

fBxornpl 
and hot otart conditio as 

This cntporimcait wan d e sign e d to compare strand cDNA synth e sis of 
the MAIM gene with standard reaction and hot start conditions , 

The annealing mix wan prepared by mixing 1 ug uf MAPI mKM A nnd 
biotinylatod Not I oEgo(dT) ^ primer ((B i otjn) 4 GACTAGTTCTAGAT 
CGCGAGCGG CCGCCCTTTTT TTTTTTTTTTTT TrrriTTT [(SE Q TT> NO 
12)]; sec W O 98 /5169°) ™ tTirl molar ratio of oligo (dTY r uRNA of 0:1, 1:1 

or 15:1 in thin -nl l H " ™* hnno ' mst the volume up to 10 pi with water. If 

sovoral tubes are identical, they maybe made in one bat c h and aliquot t ed 
accordingly. The annealing mix was k e pt on ice; 

The master ink for Superscript II reverse transcrip t ase (SS E RT) wn i 

prepared as specified in [Table 7] below : 
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The II P . T mmtrr m ; - * hnn Hividod into two cqn nl 
aliquoto, one for procosoing with standard reaction tempe ratures (hn trh 

2). To alio": f o r co rH"r""^™. ™ ndHitinnal 10% vol u me of water wm 
addod to batch 2. All mixes w e ro kopt on ice: 

Synthooia of first otrond cDNA wan begun by b r iefly spinni n g 
tubes containing annealing mix to collect d r oplets, pln ii hg the tubes' i n n 
thcrmocyclor and then heating them to 70°C for 10 minut e s. After this 1 0 
minute cycle at 70°C, the tubes of annealing mix for batch 1 wore 
i mmediately r?m— * Th " ^ hnn nf annealing mix for batch 2 wore 

allo we d to c oa l t ? ; " tK " tWmnnvclor whilo the batch 2 master mix 

sroa placed in the thcrmocycl c r and incuba t ed at 15°C for 5 minutes. After 
the 5 minute incubation, 1 1 ul of the master mix for ba tc h 2 was ad d< ?d t o 
each batch 2 annealing tube and mixed with a pipette 2 times. Caro woo 
taken not to spin the tubes to avoid lowering the temperature, 

iO Hi of the master mix foi batch 1. was added to each batch 1 
a n nealing tube. The batch 1 tubes wore lightly vo itc x o d and br iefl y 
cc ntrifugod to collect condensation droplets. The batch 1 tubes were t hen 
rotnrnod to tho thcrmocyclor and the tubes from both batch 1 and 2 were 
incubated at 15°C for one hour. - 

5 ul of th e firrt otrnrH - n>T * fr"™ f >nc.h tube was mixed with 5 pi 
o f standard loading buffer (60 mM NaOH, 1 mM EDTA, 0.1% 
b io m bp h o noll il n") ™ A nT1tn 1 1% Valine agarose gel for 



First strand cDNA was also synthesized with TS II RT 
units of.TS H Rt per pg mRNA using a biotinylatod oligo(df)/ mRNA 
ratio of 1:1 and 15:1. The same protocol described abovo was followed, 
except that the temperature was varied to 50°C - 

* * =fc =fc 

Tho results indicated that by dropping the reaction temperature to 
tho reverso transcriptase reaction temporaturc after denaturation of the 
primer and mRNA mixture, the reaction was started directly and internal 
priming was avoided entirely; 



is of double strand cDNA by controlling the reaction 
temperature and tho concentration of s alt and.RNase 

This cxamplo describes tho synthesis of double stranded cDNA by 
controlling the reaction temperature and tho concentration of salt and 
different ribonucleaso (RNaoes) during tho treatment of tho cDNA/mRNA 
hybrids after first strand cDNA synthesis T 

First strand cDNA was synthesized as described abovo in [Example 6} and 
digested with either RNasc I or RNasc A as further described below. 

RNasc I digestion of first strand cDNA was done by re suspending the 
first strand cDNA in 180 pi of water and 20 pi of IPX RNase I buffer (100 mM 
Tris HCI (pi I 7.5), 50 ituM BDTA, 2 M sodium acetate). 2.5 units of RNasc I (1 
unit'iagmRNA) were added and th e mixture wag mixed well. The RNase I 
dig e stion mixture was incubated at 25°C for 30 minutes and extracted with 
phconol/chloroform once. Tho supernatant was precipitated with 1 plof glycogen, 
100 |xl of ammonium acetate and 800 pi of cthanol. 

■RNasc A digestion of first strand oDNA was done by re suspending the 
first strand cDNA in 200 pi of digestion buffer (1 0 mM Tris HCI (pH 7.5), 250 
mM NaCl). 12.5 ng of RNasc A (5 ng/pg mRNA) wor o added and the nurture 
was mixed well. The RNase A digestion mixture was incubatod at 25°C for 30 
minutes and extracted with phenol/chloroform once. Tho supernatant was 
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pr e cipitated yrith 1 pi of glycogen, 100 [il of ammonium acotato and 80f 
etlianob . - ■ ■■ 



[Example 81: Eririchmcnt . of the .Ml len gth cDNA clones with cajibi ndjr^ . 
proteino • . .. .. 

This oxamplo. describes enrichment of fall length cDNA clones with the 

capbinditig protein oIH E. 

cDNA wao prepared by precipitating the PiNaso I treated first strand 
cDNA doocribod in [Example 7] abov o and washing with 70% othanol. The 
resulting pollot wao driod at room tcmporaturo for 5 minutes, and ro suspended in 
210 ul of 10 mM KPO4, 100 mM KC1, 2 mM EDTA, 6 mM DTT and 5% 
glycerol. Tho cDNA was stored on ice : 

oIF4E glutathione oopharoso IB beads wore prepared by firot 
milting glutathione sopharoso. IB beads, (Pharmacia, Sweden) well. To 
prepare oIF1E beads, a recombinant host cell expressing GST tagged 
oIF1E protoin (tho oEF1E gone was cloned into a GST fuoion vector to 
orcato a N terminal GST oIF1E fusion gono) wao grown and tho fusion 
protoin was purified by standard techniques. Thus, tho invention also 
relates to recombinant hoot cello expressing cH71E protein (particuarly as 
fusion proteins), to vectors comprising tho genoo .expressing ouch proteins 
or fuoion proteins' and to the recombinant proteins or fuoion proteino 
producod. In- tho prosont invention any tag can bo uood (e.g.. His Tag, 




carboxy and/or N terminal region of tho oEFIE gen& r 

Tho GST eIF4E fusion protein was ooinplcxod with sopharooe IB 
bcado by glutathione coupling using gluthionino sopharoso IB boado 
(Pharmacia Biotech) following the manufacturers protocols. 200 ul of the 
bcado woro transferred to a 1.5 ml microcentrifuge tube, oontrifugod for 1 
second,, and 75 ul of supernatant was removed. The bcado wore washed 
twice with 1 ml of r e action buffer (10 mM KPQ 4 , 100 mM KC1, 2 mM 
EDTA, 6mM DTT and 5% glycerol), and ro suspended in 258 til of 




protoin (600 pmolcs/10 ul boado). The mixture wao mixed on a head to 
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hcad rollor at 1°C for 30 minute d. Tho mixture wao thon c o ntrifu g 



second, and the supernatant woo removed. The beads woro was t 



15 



with 1 ml of reaction buffer and onco with! nil of 25 ug/ml yooot tRNA 
in roaction buffer. 20 ul of reaction buffer a nd 5 ug of yeast tRNA were 

thon added to tho beads. 
tlic beads, and the content was mixed on a roller at room temperature f o r 
1 hour. After 1 hour, tho mixture was oontrifuged for 1 second, and thg 
supernatant was removed. Tho beads woro washed twico with 1 ml of 
r e action buffer and onco wi t h 1 ml of 500 uM GDT in r e action buffer. 
Tho oDNA was olutod twice with 250 ul of 500 uM GDP in reacti o n 
buffer. The clutcd solutions woro pooled and centrifug e d for 1 minuto to 
remove the beads. Tho elutod cDNA was extracted twice with an n gn nl 
volume of phenol/chloroform. Tho cDMA was divided i nto two tubes a nd 
precipitated with 1 ul of glycogen, 0.5 volume of 7.5 M ammonium 
acetate and 2.5 volume of othanol. 



f'Examplb 01: Evaluation of the cDNA libr-ar-v 

To evaluate the quality of tho cDNA librarios constructed with the 
ab u ^described full l e ngth methods, the MAIM genu (5 C MQ ™d n t nPr 
20 gonos was selected as the target gonoo. MAIM and other cDNA clon al 
w or o isolated from librarios constructed by standard methods well known 
ii i Q ic art (see Sup o rS rrip t ^ 4 Hasmid Manual, Life Technologies, Inc.) 

t apper 

cDNA rositivo Selection System (Lifo Technologies, Inc., Rookville, 
25 Maryland). The positive clones were siz e analyzed by PCR. [Tables 8 n nri 
9] below summarizes tho results of the enrichmont of full length oDNA 
ol o n c s in human fibroblast cDNA libraries constructed with moth odn 
well known in the art (control) and the full length methods d e scribe d 

above (full length method). 
30 [Table 8] 



Gene 



% full length with 5' 
GoncTrapp e r 



- % full length with 
GcnoTrapper 



■3* 
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mothodo 



10 




Gono name 



MAPI (Microtubulo associated 



protein 4 4 



[Table 9] 

Full length of g e ne 

%46 



RPA (DN A Roplication protein A) 




4^4 



9%^ 



* Thcro arc two members of tho genes, 3.8 kb and 5.7 lib in the 
family. 

Th e se results show that tho full length meth o ds described n b nv» 
yielded >90% full length oPNA clones with tho 5' GencTrappor system, 
compared to <13% using standard mothodo. Furthermore, tho above 
described full length methods yielded -37% full leng t h clones with the ^ 
GencTrappor system, as compared to <7% using standard metho ds, 
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rExamplo lQl':. First otronri cDNA sy nthesis. RNano I digestion 



10 



capture • 

All conditions and parameters doooribpd.abovo in [Examples 6, 7 

(RNaoo I) and 8] wore followed, except for tho foll o w i ng: 1 reacti on s of 
10 |xg of human fibroblast oytoplagmio mRNA w e re used per reaction (see 

WO 98/1531 l);.tho biotinylated primer adapter (Diotm) 4 - 

GACTAGTTCTAGATCGCGAGCGGCCGCC C( T) 3- 5 [( S EQ IP NO: 13)] 
was used at a 1 : 1 primor/mENA molar ratio; TS II RT was used at 50°r : 
and SS II RT was used at 15°C. [Table 10] below summarizes tho first 
strand o.DNA and cIF 1E capturo results. 



15 



20 



[Exam pl e 111: Second strand cD NA synthesis 

Second strand cDNA was synthesized by first dissolving oaoh of 
the four reaction p e ll e ts obtained in [Example 10] above in 101 ul of 
DEPC treated water and then adding tho following reagents to each 



reaction: 



1 ul of 5X First Strand Buffer* 

30 p-1 of 5X Second Strand Buffer* 

2 pi of 0.1 M DTT 

1 ulof lOmM dNTPs 

1 jxl of E. coli DMA ligas o (10 unitp/p.1) 

1 pi of E. coli RNAao II (2 units/al) 

1 pi of E. coli DMA polym e rase (10 units/pi) 



25 



* soo Superscript Plasmid System manual (Life Technologi e s, Inc., 
Rockvillo, Maryland) 

These reactions mixtures were then incubated for 2 hours at 16°C 




16°C was continued for 5 more minutes» - 



30 [Example 121: Streptavidin Bead ProuoF ariea 
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During the last 30 minutoo. of tho 2 h ou r secon d n t rnnri 
; doscribod in [Exaniplo 11] above, sticptaYidin paramagnetic be 
proparod as follows. Streptavidin paramagn e tic beads (Soradyn) -weje 
gently mixed by pipetting until the boado were completely ro susp e nde d . 
150 ul of tho mixed beads wore transferred to tho bottom ; of a , 
microcentrifuge tub o for eaoh reaction. Tho tub on woro inserted into a 
Magna Sop Magnetic Particle Separator (Life Technologies, Inc., 

tubes w o re in tho magnet, tho oupornatant woo remov o d by pipetting and 
100 til of TE buffer (10 niM Trio HCI (pll 7.5), 1 rnM EDTA) was 

imrh e diatoly added to tho beads. 

Tho tubos wore, thon romovod from the magnot and tho boado were 
gontly roouspondod by finger tapping or vortoxing at tho lowoot sotting. 
Tho tubos wore reinserted into tho magnot. After 2 minutes, the 
supornatant was removed, the boado wore ro suspended in 160 ul of 
binding buffer (10 mM Trio HCI (pll 7.5), 1 mM EDTA, 1 M NaCl) and 
tho tubes woro placod into a microcentrifuge tube raclfa 



131: Capture of the doublo stranded cDNA-4ibfi 



After incubating tho o e cond strand reaction with T1 DNA 
polymeras e as doocrib o d in [Example 12] above, the reaction mixtureo 
wore placed on ice and 10 al of 0-5 M EDTA was add e d. Thon the cDNA 
librae was captured according to tho following procedure (ooe gonorolly 
WO 9S/5 1 6 99 ) . T h? pnrmrngr'ntin hsndr, preparod according to Example 
8 woro transferred to the second strand reaction mixture tubes and gontly 
mixod by pipetting and tho ouoponsion was incubatod for 60 minutes at 
room tomporaturo. The tubos were thon inserted into tho magnot. After 2 
minutes, tho supernatant wa3 removed and discarded. 

100 al of wash buffer (10 mM Tris HCI (pH 7.5), 1 mM EDT A , 
500 mM NaCl) was added to tho beads, tho boado woro ro suspondod by 
fingor tapping or gontly vortoxing at the lowest sotting and tho tubos were 
ro inserted into tho magnot for 2 minutoo. Tho supernatant was r e m o ve d 
and discarded. This washing step was rcpoatcd ono more timo and then 
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100 ul of wash buffer was added to the beads. The tubes were 
inserted into the magnet for 5 minutes. - 




10 



15 



20 



25 



rExamnlo 1 11: Not I Digestion 

After the 5 mmtit«? in^ 11 ^^*^" dnnr.rihnd in the last step of - 
[Example 13], tho supornatant was removed and discarded from the 
paramagnetic beads and 11 ul of auto clayed, distilled water, 5 u.1 of , 
PJ Z act 3 buff e r, 1 pi " f Vnf T "ddnri tno boada w cx o mi7tod w ^ ^ 
pipetting. The reaction was then incubated for 2 hours at 3?°C. Tho tn b ei 
woro tfaon inserted into the magnet for 2 minutes and th o supornatant- 
containing the cDNA library was transferred to fresh tubes . 

50 ul of. phenol: chloroform:isoamyl alcohol (25:21:1) was added 
to tho supernatant, the solution was vortoxed thoroughly, and then 
centrifuged at room temperature for. 5 .minutes at 1 1,000 x g. 15 ul of tbff • 




microcentrifuge tubes. 23 ul of 7.5 M ammonium acetate, 1 ul o f 
glycogen (20 pig) and 172 ul of othanol ( 20°C) woo added. Tho solution 
was mixed well and stored on dry ice (or 70°C fr e ezer) for 15 min , 

The cthanol solution was then centrifuged at 1°C for 30 minutes at 
1 1,000 x g. Tho supernatant was carofully removed from tho small pellets. 
100 ul of .70% othanol was added and tho tubes were centrifuged at room 
temperature for 2 minutes at 11,000 x g. The cthanol was romovod and the 
pellets wcro dried in a speed vac for 2 minutes or until dry. Tho pellets 




mM EDTA). Tho final yield of cDNA wan determined by the Corcnkov 
counts (soo [Table 10] below). 
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[Table 10] 



Reverse 



Trahooriptase 



standard (S) or varied 
AA - tomp oratur -e 

¥ 

V (hot start) - 



T 



o Incorporation - 
(ng of oDNA) 



• 27% (2,720 hg) 
26% (2,610 ng) 




560 ng) 



47% (1,730 ng) 



^ H-ru- nTF IE c n p tefe 



rF.vntnnlb 151 Ligation" of r.TrtTA- to'thft vector and introduction into 
E.coli 

f ro m 10 to 30 ng " f vm' Wtinnnt ru l or size fra c tionated (M .S 
kb by low molting gol olc ar ophoroais) oDNA woo ligatod into a ve ctor 

pCMVSPORT 6 (Lifo Te < 
iuto E. coli by G loctroporati o n a , dcacrib nd in tho Sup er s cr ipt riaomi d 
S y a t o ni manual (Lifo Technol ogie s, Inc., Pu Oi rillo, Maryland), except 
that tho cloning vector was pro digest e d with Not I and ■EcoRV, 

S o qucnco analysis of randomly selected o l u u c. fr om t rio rPN A 
lib ra ry conotnM c d (301 clon ^ ,) a ui'c analyz rrl bj J' a nd 3' : n gu m ring to 
d o tormino tho total percentage of full length l a ndom clon n s in tho cDNA 
library. Scqaonoco were compared for homology with Ccn oBnnk 
.e quencos. Tho usults are a urnmai iz c d in [TW o U] L l I j : PT-rr l n n t h e 
results, approximately 68% of the rand o m clones w c ro full length 
(including known full length clones and u nknown .fi ll 1 length clon e s) 
Thus, approximately 17% unknown full l e ng t h o lon e o worn obtained from 
tho human fibroblast cytoplasmic mRNA library 

[Tablo 11] 




ITbcamrjl o 1^:1 RNAo n A lin y 
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20 



First strand cDNA was treated with Rr-iaso A at 1000 ng/ug 



TE buffer (10 niM f ris HCI (pll 7.5), 1 mM EDTA) and KNase 




mM Sodium Acetate) at 37°C essentially as deauibod in [Exampl e s 7]. 
However, this treatment with large amounts of RNaoo at el e vated temper ature 
resulted in libraries containing .vcxry small average oDNA insert sizo (about 
200 bp). Ttefrryn-™"™* pDMA nr.nav was developed to determine 

th o optimal amount of RNaso needed ? 

First strand cDNA (radio actively labeled and non radioactively 
labeled) was synthesized using II oLa raKMA at 500 ng of ENA/rooction. Th* 
first strand cDNA was precipitated with othanol and dissolved in DEPC 

- buffer with 




different amounts of RNaao. After incubation for 30 minutes at 25°C, the 
treate d cDN A w as fMrtnrt"* "-jfh phnnnhnhlorofbrm. and precipitated with 
cthanol. The treated cDNA was dissolved in DEPC tre ate d water, a s or-ond 
strand oDNA reaction was performed with ^PdCTP plus a nd minus ENna e ff 
Tho reaction was extracted with phenol: chloroform and precipitated with 
othanol. Equal amounts of cpm was olectrophorosed into a 1.4% alkaline 
agarose gel. 

* & » =fc 

These gel analysis demonstrated that a concentration of 1.25 ng of KM A n a 
A * * * 0 r q 5 ^3 ?f ^ T ^ T * * * ™ nv ho optimal to uso with 500 ng o f 
starting mRNA. 



25 fExam-plo 171: Preparation of antibodies ag ainst cap sfeaetee 

The antibody to cap was generated using m7guanoshino Kill as fe e 
antigen. 1200 hybridomas woro plated and only 120 colonies w u c generated. Of 
those only 6 colonics wore positive for cap. After further analysis, 3 were 
determined to have tho affinity required. Tho first screen BUS A consists of 

30 binding m7guanosinc BS A to an ELISA plate, block with PSA, b i nd hybridbma 
rjupornatants, react with socondary antibody and dctormino positives via a 
colorimotrio reaction with BOP/MPT. Tho s e condary- screen included incubating 
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. ■ appropriato dilutiono of tho hybridoma supeiuuloaL with cith e r 0 1 m M 
. Q.t mM cap analog tf &&t? G, Q.5 mM m7gu o u ui>inc or 0.5 mM fTC f* 
prctrc atcd supernatant -n- *™ fhn Tf.uidard ELIS A p r oc e dure. Th e^a^ 

did not compete with ths mTguanosinc BSA v ?t im uat> A m v oHon n n il 

5 competed efficiently. 

Having' now fully dcocribod tho prcocnt invention in o ox no detail by wry 
uf ffl a rt r aiion and example for purposes of clarity of un dei Hta nd i rig, it will b e 
^auoa to one of ord imr y skill in the ai t t hat tho samn rnn h e performed by 
mo dif y o r changing t ho i n v e ntion within a wide and equiv al e nt ra n g * o f 

10 conditions, formulationo and othu r parametera ivit l i c nil affecting tho ocopo of the 
ju r at i o n or any op crifi r e mbodiment th er eof and fh trf ^ u Oi modifi cntinn n or 
clmng o a ar c- intended to be e i i oo mpasa o d wi lM n the acopp of die appen d e d 
claims." 

Other methods of cDNA synthesis which may advantageously use the 
15 present invention will be readily apparent to one of ordinary skill in the art. 

Having obtained cDNA molecules or libraries according to the present 
methods, these cDNAs may be isolated for further analysis or manipulation. 
Detailed methodologies for purification of cDNAs are taught in the 
GENETRAPPER™ manual (Life Technologies, Inc.; Rockville, Maryland), 
20 which is incorporated herein by reference in its entirety, although alternative 
standard techniques of cDNA isolation known in the art may be used (see, 
e.g., Sambrook, J-, et ah, Molecular Cloning: A Laboratory Manual, 2nd ed., 
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, pp. 8.60-8.63 
(1989)). 

25 In other aspects of the invention, the invention may be used in methods 

for ampHfying nucleic acid molecules. Nucleic acid amplification methods 
according to this aspect of the invention may be one-step {e.g., one-step RT- 
PCR) 

or two-step (e.g., two-step RT-PCR) reactions. According to the invention, 
30 one-step RT-PCR type reactions may be accomplished in one tube thereby 
lowering the possibility of contamination. Such one-step reactions comprise 
(a) mixing a nucleic acid template (e.g., mRNA) with one or more 
polypeptides having reverse transcriptase activity and with one or more DNA 



i 



( 




■ polymerases and (b) incubating the mixture under conditions sufficie aj 
amplify a nucleic acid molecule complementary to all or a portion of 
template. Alternatively, amplification may be accomplished by mixing a 
template with one or more polypeptides having reverse transcriptase activity 

5 (and optionally having DNA polymerase activity). Incubating such a reaction 
rmxture under appropriate conditions allows amplification of a nucleic acid 
molecule complementary to all or a portion of the template. Such 
amplification may be accomplished by the reverse transcriptase activity alone 
or in combination with the DNA polymerase activity. Two-step RT-PCR 

10 reactions may be accomplished in two separate steps. Such a method 

comprises (a) mixing a nucleic acid template (e.g., mRNA) with one or more 
reverse transcriptases, (b) incubating the mixture under conditions sufficient to 
make a nucleic acid molecule (e.g., a DNA molecule) complementary to all or 
a portion of the template, (c) mixing the nucleic acid molecule with one or 

15 "more DNA polymerases and (d) incubating the mixture of step (c) under 

conditions sufficient to amplify the nucleic acid molecule. For amplification of 
long nucleic acid molecules (i.e., greater than about 3-5 Kb in length), a 
combination of DNA polymerases may be used, such as one DNA polymerase 
having 3* exonuclease activity and another DNA polymerase being 

20 substantially reduced in 3' exonuclease activity. An alternative two-step 
procedure comprises the use of one or more polypeptides having reverse 
transcriptase activity and DNA polymerase activity (e.g., Tth, Tma or Tne 
DNA polymerases and the like) rather than separate addition of a reverse 
transcriptase and a DNA polymerase. 

25 Amplification methods which may be used in accordance with the 

present invention include PCR (U.S. Patent Nos. 4,683,195 and 4,683,202), 
Strand Displacement Amplification (SDA; U.S. Patent No. 5,455,166; EP 0 
684 315), 

and Nucleic Acid Sequence-Based Amplification (NASBA; U.S. Patent No. 
30 5,409,818; EP 0 329 822). 



Kits 
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In another embodiment, the present invention may be assemb 
kits for use in reverse transcription or amplification of a nucleic acid 
Kits according to this aspect of the invention comprise a carrier means, such as 
a box, carton, tube or the like, having in close confinement therein one or 

5 •' more container means, such as vials, tubes, ampules, bottles and the like. The 
kits of the invention may comprise one or more components selected from one 
or more reverse transcriptases, one or more DNA polymerases, one or more 
suitable buffers, one or more nucleotides,, one or more solid supports 
(particularly FTA® or derivatives or variants thereof) and/or one or more 

10 primers. 

In a specific aspect of the invention, the reverse transcription and 
amplification kits may comprise one or more components (in mixtures or 
separately) including one or more, polypeptides having reverse transcriptase 
activity, one or more supports, one or more nucleotides needed for synthesis of 

15 a nucleic acid molecule, and/of one or more primers {e.g., oligo(dT) for 

reverse transcription). Such reverse transcription and amplification kits may 
further comprise one or more DNA polymerases. Preferred polypeptides 
having reverse transcriptase activity, DNA polymerases, nucleotides, primers 
and other components suitable for use in the reverse transcription and 

20 amplification kits of the invention include those described above. The kits 
encompassed by this aspect of the present invention may further comprise 
additional reagents and compounds necessary for carrying out standard nucleic 
acid reverse transcription or amplification protocols. Such polypeptides having 
reverse transcriptase activity, DNA polymerases, nucleotides, primers, and 

25 additional reagents, components or compounds may be contained in one or 
more containers, and may be contained in such containers in a mixture of two 
or more of the above-noted components or may be contained in Ihe kits of the 
invention in separate containers. 

30 Us e of Nucleic Acid Molecules 

The nucleic acid molecules or cDNA libraries prepared by the methods 
of the present invention may be further characterized, for example by cloning 
and sequencing (i.e., determining the nucleotide sequence of the nucleic acid 
molecule), or by the sequencing methods (see, e.g., U.S. Patent Nos. 
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4,962,022 and 5,498,523, which are directed to methods of DNA seq 1 j 
Alternatively, these nucleic acid molecules may be used for RPA, no: 
biots or attachment to chips for the manufacture of various materials in 
industrial processes, such as hybridization probes by methods that are well, 
known in the art, Production of hybridization probes from cDNAs will, for 
example, provide the ability for those in the medical field to examine a 
patient's cells or tissues for the presence of a particular genetic marker such as • 
a marker of cancer, of an infectious or genetic disease, or a marker of 
embryonic development. Furthermore, such hybridization probes can be used 
to isolate DNA fragments from genomic DNA or cDNA libraries prepared 
from a different cell, tissue or organism for further characterization. 

The nucleic acid molecules of the present invention may also be used 
to prepare compositions for use in recombinant DNA methodologies. 
Accordingly, the present invention relates to recombinant vectors which 
comprise the CDNA or amplified nucleic acid molecules of the present 

invention, to host ceUs which are genetically engineered with the recombinant 
vectors, to methods for the production of a recombinant polypeptide using 
these vectors and host cells, and to recombinant polypeptides produced using 
these methods. 

Recombinant vectors may be produced according to this aspect of the 
invention by inserting, using methods that are well-known in the art, one or 
more of the cDNA molecules or amplified nucleic acid molecules prepared 
according to the present methods into a vector. The vector used in this aspect 
of the invention may be, for example, a phage or a plasmid, and is preferably a 
plasmid. Preferred are vectors comprising cis-acting control regions to the 
nucleic acid encoding the polypeptide of interest. Appropriate trans-acting 
factors may be supplied by the host, supplied by a complementing vector or 
supplied by the vector itself upon introduction into the host. 

In certain preferred embodiments in this regard, the vectors provide for 

* 

specific expression (and are therefore termed "expression vectors"), which 
may be inducible and/or ceil type-specific. Particularly preferred among such 
vectors are those inducible by environmental factors that are easy to 
manipulate, such as temperature and nutrient additives. 
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.••=•:;:■■' Expression vectors useful in the present invention include 
• chromosomal-, episomal- and virus^derived vectors, e.g., vectors der ^ 
bacterial plasmids or bacteriophages, and vectors derived from combinations 
:- ..merebf,suchas.c^ 

5 one selectable marker such as a tetracycline or ampicillin resistance gene for 
culturing in a bacterial host cell. Prior to insertion into such an expression 
vector, the cDNA.or amplified nucleic acid molecules of the invention should 
be operatively linked to an appropriate promoter, such as the phage lambda P L 
promoter, the E. col i lac, trp and tac promoters. Other suitable promoters will 

10 be known to the skilled artisan. 

, Among vectors preferred for use in the present invention include 
pQE70, pQE60 and pQE-9, available from Qiagen; pBS vectors, Phagescript 
vectors', Bluescript vectors, pNHSA, pNH16a, pNH18A, pNH46A, available 
from Stratagene; pcDNAS available from Invitrogen; pGEX, pTrxfus, 

15 P Trc99a, pET-5, pET-9, pKK223-3, pKK233-3, pDR540, pRlT5 available 

from Pharmacia; and pSPORTl, pSP0RT2 and pSV-SPORTI and Gateway™ 
Vectors, available from Life Technologies, Inc. Other suitable vectors will be 

readily apparent to the skilled artisan. 

The invention also provides methods of producing a recombinant host 
20 cell comprising the cDNA molecules, amplified nucleic acid molecules or 
recombinant vectors of the invention, as well as host cells produced by such 
methods. Representative host cells (prokaryotic or eukaryotic) that may be 
. produced according to the invention include, but are not limited to, bacterial 
cells, yeast cells, plant cells and animal cells. Preferred bacterial host cells 
25 include Escherichia coli cells (most particularly E. coli strains DHIOB and 
Stbl2, which are available commercially (Life Technologies, Inc; Rockville, 
Maryland)):, Bacillus subtilis cells, Bacillus ■ megaterium cells, Streptomyces 
spp. cells, Erwinia spp. cells, Klebsiella spp. cells and Salmonella 
typhimurium cells. Preferred animal host cells include insect cells (most 
30 particularly Spodoptera frugiperda Sf9 and Sf21 cells and Trichoplusa High- 
Five cells) and mammalian cells (most particularly CHO, COS, VERO, BHK 
and human cells). Such host cells may be prepared by well-known 
transformation, electroporation or transfection techniques that will be familiar 
to one of ordinary skill in the art. 
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.' tn addition, me invention provides methods for producing a 
recombinant polypeptide, and polypeptides produced by these methods 
According to this aspect of the invention, a recombinant polypeptide may be 
produced by culturing any of the above recombinant host cells under 
conditions favoring production of a polypeptide therefrom, and isolation of the 
polypeptide. Methods for culturing recombinant host cells, and for production 
and isolation of polypeptides therefrom, are well-known to one of ordinary 
skill in the art. 

It will be readily apparent to one of ordinary skill in the relevant arts 
that other suitable modifications and adaptations to the methods and 
applications described herein are obvious and may be made without departing 
from the scope of the invention or any embodiment thereof. Having now 
described the present invention in detail, the same will be more clearly 
understood by reference to the following examples, which are included 
herewith for purposes of illustration only and are not intended to be limiting of 
the invention. 

EXAMPLES 

All reagents and media were from Life Technologies, Inc, Rockville, 
MD unless otherwise stated. 

EXLiMPLE 18: EXAMPLE 1: Preparation and Storage of Nucleic Acids on 

Solid Supports Cell culture. 

HeLa ceUs were grown in suspension in S-MEM with 10% heat- 
inactivated horse serum and 4 mM glutamine and BHK-21 cells were grown in 
monolayer as described (7) and suspensions were prepared by trypsinization 
followed by washing and resuspension in Dulbecco's PBS (containing Ca 2+ 
and Mg 24 ), at the appropriate cell density. Resuspended cells were spotted on 
FTA® GeneCards using an adjustable pipettor and similar control samples 
were vialed and quick frozen in a dry-ice ethanol bath and stored at -70°C. 

Preparation and storage of samples. 20 pi of blood and 5 ulof HeLa 
cell suspension (1 x 10 7 cells/ml) were spotted directly on FTA® GeneCards, 
allowed to air dry for up to 2 h, and stored at room temperature, 4°C, -20°C, or 
-70°C in sealed foil packages containing desiccant. Gene Guard Swabs 



( 



containing buccal cells Were applied onto FTA® GeneCards, allowec tp^ij, 
dry for up to 2 hours and stored at room temperature in sealed foil pa d 



with desiccant. Plants were grown in soil and leaf samples were obtained/ 
Plant leaf samples Were pressed onto FTA® GeneCards using a nitrogen- 
5 driven press (17.5 psi) and treated as described above. 

EXAMPLE )9: EXAMPLE 2: Isolation ofPoly(A + )RNA Directly from Cells 

on FTA® Paper 

20-50 ul of a BHK-21 cell suspension (4.25 x 10 7 /ml) was spotted 

10 directly onto FTA® GeneCards and stored at -70°C as described above or 
placed in tube, frozen in dry ice ethanol and placed at -70°C. For RNA 
isolation, the entire spot was cut into small pieces using a razor blade and 
added to 750 ul of sterile water followed by incubation at room temperature 
for 15 min with frequent vortexing. To remove the filter pieces, the eluate was 

15 passed through a shredder microfuge tube (Qiagen, CA) and the poly(A+) 

RNA isolated by selection with oligonucleotide(dT). Typical yields from these 
samples were 300 ng mRNA/ 2xl0 6 cells. Total RNA from BHK-cells was 
isolated using TRIzol™ Reagent according to the manufacturer's directions 
and poly(A*)RNA was isolated from these samples by selection with 

20 oligo(dT). 

FY AMPLE 20: EXAMPLE 3: Northern Blot Analysis of RNA 

Total RNA and Pot^A^RNA were subj ected to electrophoresis in a 
1 .5%, IX MOPS, 30% formaldehyde agarose gel as described (8) followed by 

25 transfer to a nylon membrane. The blot was baked at 80° C for 1 h followed by 
prehybridization as described (8). 32 P-labeled b-actin probe was prepared 
using the RadPrime kit (Life Technologies, fcic) and was adjusted to a final 
concentration of 5 X 1 0 6 cpm/ml hybridization buffer. Hybridization was 
performed as described (8) for 1 6 h at 42° C . The blot was washed 3 x 5 min 

30 with 2x SSC containing 0.1% SDS at room temperature and 2 x 30 min with 
0.25x SSC containing 0.1% SDS at 65°C. The blot was then placed in plastic 

wrap and exposed to X-ray film. 

The results of the Northern blot analysis are shown in Figure 1. Total 
RNA (lane 1) was isolated from BHK-21 cells using TRIzol Reagent. 
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Poly(A+)RNA was Isolated from the total RNA (lanes 2-3) or directl; 
BHK-21 cells applied to the FT A® GeneCard (lanes 4-5) as describe 
The number of cells used was 2.5 x 10 6 (lanes 2 and 4) and 4 x 10 6 Canes 1, 3 

and 5). '' 

The quality and intensity of the 2.2-kb signal from the FT A® archived 
samples is directly comparable to that of RNA isolated from vialed BHK-21 
cells by traditional means. Based on these results, it appears that the integrity 
of poly(A+)RNA from mammalian cell samples spotted onto FTA® 
GeneCards is maintained. However, is has been found that after application of 
mammalian cells onto FTA® paper, the samples must be placed at 
temperatures < -20°C for long term storage (greater than 1 month). RNA 
integrity in samples stored at room temperature or 4°C for extended periods 
was sub-optimal compared to controls. Genomic DNA contained in FTA®- 
archived samples stored at room temperature for up to 7.5 years has been 
shown to be intact (9), which is quite different from our observations with 
RNA. 




RXAMPLE 2U E XAMPLE 4: Amplification of Nucleic Acids 

PCR of genomic DNA. Using a HARRIS MICRO-PUNCH®, 2-mm 
punches were removed from the center of the biological sample spot, placed in 
a 1 .5 ml microfuge tube and processed by washing 3x5 min with FTA® 
Purification Reagent (Life Technologies Inc.) at room temperature followed 
by 2 x 5 min washes with TE (10 mm Tris-HCl pH 8.0, and 0.1 mM EDTA) at 
room temperature. Each punch was processed individually and then 
transferred to a thiri-walled amplification tube. Amplification was performed 
by using PLATINUM® Tag High Fidelity DNA polymerase (IU), in IX 
PLATINUM® Tag High Fidelity PCR Buffer, 200 mM dNTPs, 200 nM 
primers, and 2 mM MgS0 4 . The sequences of the primers used for the 
amplification reactions are shown in Table 1 2 Table 1 . 

Table 12. TabIe 1. Primer Sequences used. (SEQ IDNOS 1-12, 

respectively in order of appearance) 
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Target 
ftiiirnan^ 


Primer Sequences 




" size 


:t ' 


b-globin 


Sense: 5 ' -CTGCAGTGCCAG<3CTATTCA(j(j-3' 
Antisense: 5'-AGACTTGGACCATGACGGTGAT-3' 


l.ikb. 




Sense: 5 ' -CTGCTGAAAGAG ATGCGGTGG-3' 
Antisense: 5*-TCTTCC.CAAAATGCCCTGAGT-3* 


3.19Tcb 


V_^jr » LCII1C 

protease 
(plant) 


Sense: , 5'-TCGCCGATCTGACTAATGAGGAG-3 ? 
Antisense: 5' -ATGCGCTTCATTGCCTTCACTCC-3' 


1.05 kb 


Replication - 
protein A 


Sense: S'-CAAGATGTGGAACAGTGGATTC-S' 

Antisense; 5*— 

CATCTATCTTGATGTTGTAACAAGC-3' 


1.08 kb 


b-actin 


Sense: 5'-CCTCGCCTTTGCCGATCC-3' 

Antisense: 5'-GGATCTTCATGAGGTAGTCAGTC-3' 


0.626 
kb 


Clathrin-iike 
protein 


Sense: 5'-CCCAGTGACAGGAGGAGACCATA-3' 
Antisense: 5'-ATCCTGTGCTTTTTCTGTGGGAC-3' 


5.76 kb 
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RT-PCR. Using a HARRIS MICRO-PUNCH®, 2-mm punch s 
■ transferred to 1.5 ml low-binding RNase-free DNAse-free tubes (Marsh 
Biomedical) containing 400 pi of RNA processing buffer (10 mM Tris-HCl 
5 P H 8.0, 0.1 mM EDTA, 400 - 800 U/ml RNASEOUT® and 2 mM DTT) and 
incubated on ice for 25 min with vortexing every 5 min.I£-IL m some 
experiments, the processing buffer also contained 250 ug/ml glycogen to 
facilitate subsequent precipitation of the RNA. Unlike genomic DNA, RNA 
eliites from the filter punches during this incubation. RT-PCR was done either 
10 directly using the processing buffer eluate as substrate or using RNA 

precipitated from the eluate. The RNA was precipitated by addition of salt (0.1 
volumes of 3 M sodium acetate, or 0.5 volumes of 7.5 M ammonium acetate) 
and 0.5 volumes of ice cold 1 00% isopropanol. The samples were placed at - 
20°C overnight, spun down at 12,000 rpm in the microfuge, washed with 75% 
15 ethanol (ice-cold) andallowed to air dry. RNA pellets were resuspended in 50 
Hi or 100 ulof sterile TE. Synthesis of first strand cDNA was performed using 
SUPERSCRIPT® It RNase H- RT (Life Technologies, Inc) in a final volume 
of 50 ul at 50°C. Amplification reactions (50^1) contained < 10 ul of the 
cDNA reaction and the following: IX AmpUfication Buffer, 1 .8 MM MgS0 4 , 
20 200 nM primers, 200 mM of each dNTP and 2.5 U of PLATINUM® Taq 

DNA polymerase. For templates larger than 4 kb, 1-2U of PLATINUM® Taq 
DNA Polymerase High was used. Amplification products were analyzed by 
1 .2% TBE-OR 0. 8% TAE agarose gel electrophoresis. 

The results of the amplification of nucleic acids stored on solid 
25 supports are shown in Figures 2-4. Figure 2 shows the results of the 

amplification of nucleic acids from HeLa cells. Eluted RNA was precipitated 
from washes taken from 2-mm punches of HeLa cell samples stored at -20° 
and -70°C for 1 year as described above. The amplification targets were as 
follows: Panel A; a 626 bp sequence from b-actin mRNA was amplified using 
30 the following thermocycling conditions: 94°C for 1 min, followed by 40 
cycles of 94°C for 30 s; 60°C for 30 s and 72°C for 1.5 min; forward and 
reverse primer sequences were 5'CCTCGCCTTTGCCGATCC3' (SEQ ID NO 
9) and S^GATCTTCATGAGGTAGTCAGTCS' (SEQ ID NO: 10), 
respectively. Panel B; a 1.08-kb sequence of RPA (replication protein A) 
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mRNA was amplified using the following thermocycling conditions 
1 min, followed by 40 cycles of 94°C for 30 s; 55°C for 30 s and 72 
min; forward and reverse primef sequences were 
5'CAAGATGTGGAACAGTGGATTC3' (SEQ ID NO: 7) and 
5'CATCTATCnrTGATGTTGTAACAAGC3' (SEQ ID NO: 8), respectively, 
and Panel C: a 5.76-kb sequence of a clathrin-like protein (D2 1260) mRNA 
was amplified using the following thermocycling conditions: 94°C for 1 min, 
followed by 35 cycles of 94°C for 20 s; 60°C for 30 s and 68°C for 7 min; 
forward and reverse primer sequences were 

5'CCCAGTGACAGGAGGAGACCATA3' (SEQ ID NO: 11) and 
5VSTCCTGTGCTTTTTCTGTGGGAC3' (SEQ ID NO: 12), respectively. For 
Panels A and B, Lanes. 1 -3 and 4-6 are from samples stored at -20°C and 
-70°C, respectively subsequent to sample application onto FTA® GeneCards, 
whereas lane 7 is a negative control where SUPERSCRIPT H RT was omitted 
from the RT reaction. Lanes labeled M are a 1 kb ladder size markers. For 
Panel C, lanes 1, positive control, HeLa RNA, Lanes-2 and 3 are from samples 
stored at -70°C subsequent to sample application onto FTA® GeneCards, 
whereas lane 4 is the negative control. 

Figure 3 shows the results of the amplification of nucleic acids from 
plant cells. RNA was eluted from 2-mm punches of the leaf samples from 
potato plants as described in above and 5 nl of the RNA eluate was added to 
each 50 ml RT reaction. The amplification target was a 1.05^kb sequence from 
a 1.8-kb cysteine protease (AJ003137) mRNA using the primers shown in 
Table 1. Thermocycling conditions were: 94°C for 1 min, followed by 40 
cycles of 94°C for 30 s; 60°C for 30 s; and 72°C for 2 min. Lanes 1-3 and 4-7 
are from samples stored at -20C and -70C, respectively subsequent to 
application on FTA® GeneCards, whereas lane 8 is a positive control where 
50 ng of potato leaf RNA was added to the RT reaction. 

The dependence of RT-PCR signal on amount of biological sample 
stored on card was examined and the results are shown in Figure 4. 5 ul 
samples of suspensions of HeLa cells at different cell densities were spotted 
onto FTA® GeneCards, allowed to air. dry for 1-2 hours and then stored at - 
70°C for over 1 year. 2-mm punches were taken from the samples and treated 




as described above. An aliquot of the RNA (l/80 ft of the total volun* : ^ 
wash)" was used for RT-PCR as described in Methods. The target was 
kb amplicoh of the RPA (replication protein A gene, (M36951) using the 
primers indicated in Table 1 and the PCR conditions used in Figure 2. Marker, 
5 1 Kb Plus ladder. Lane 1-3, 25,000 cells; Lane 4-6, 5,000 cells; Lanes 7-9, 500 
cells, Lanes 10-12 negative controls where Superscript™ H RNase H- RT was 
orrdtted from the RT reaction. 

RNA stability on FTA® GeneCards stored at temperatures < -20 9 C 
was examined by performing RT-PCR analysis on different mRNA targets. In 
10 processing the FTA® punches, it was observed that unlike genomic DNA, 
RNA does not remain on the FTA® paper during processing. Virtually all of 
the RNA elutes into the initial wash, and this eluted cellular RNA can be 
directly placed into the first strand RT reaction or can be ethanol precipitated 
from the wash solution and resuspended in sterile water or TE prior to 
15 analysis. The results in Figures 2 and 3 demonstrate successful RT-PGR of 
different mRNA targets from mammalian cells and plant samples, 
respectively. For the mammalian cell samples, our RT-PCR targets were 626- 
bp, 1.08-kb and 5.76-kb sequences from b-actin (Panel A), replication protein 
A (RPA; Panel B) and clathrin-like protein (Panel C) mRNAs, respectively. 
20 For the potato leaf plant samples, our RT-PCR target consisted of a 852-bp 
sequence from the 1756-bp cycteine protease mRNA. Negative controls 
consisted of reactions where RT was omitted during the initial cDNA 
synthesis step (not shown for plant samples) and positive controls consisted of 
the addition of 100 ng of HeLa or 50 ng of plant leaf RNA directly to the 
25 initial cDNA synthesis step. It is important to include the negative control 
since we have observed that trace amounts of genomic DNA also elute from 
the punch during processing and it is necessary to ascertain that RT-PCR 
signals are indeed products from RNA and not contaminating genomic DNA. 
The results in Figures 2 and 3 demonstrate that the desired RNA-specific RT- 
30 PCR products were obtained with the FTA® samples stored at -20°C and - 
70°C and were comparable to the positive controls. We next examined the 
proportionality of RT-PCR signal obtained versus the number of HeLa cells 
that were spotted onto tine FTA® GeneCard. Such an experiment would reveal 
the feasibility of using this method to semi-quantitatively measure differential 
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gene expression in biological samples. HeLa cell suspensions at vari< 
densities were prepared and 5 ul aliquots of the various suspensions 
identically spotted onto FT A® paper. The relative amount of RT-PCR" 
product obtained was proportional to the number of cells placed onto the 
FTA® card (Figure 4). These data indicate that at least semi-quantitatively, : 
differences in mRNA levels can be measured by RT-PCR using FTA® Gene 
Cards. 

FVAMP7K 22: EXAMPLE 5: cDNA Library Construction from RNA 
Isolated from Biological Specimens Stored on FTA® Paper 

Poly(A+)RNA was directly isolated from 2.25 x 10 BHK-21 cells 
stored on FTA® paper as described above except that the biotinylated 
oligonucleotide(dT) had special adapter sequences necessary for library 
constru6tion. The primer inludes a Not I recognition site and has the sequence 
(Biotin)4 GACTAGTTCTAGAT CGCGAGCGG CCGCCCTTTTT 
TTTTTTTTTTTT TTTTTTTT (SEQ ID NO: 13); (see WO 98/51699 and 
United States application serial number 09/076,115). As a positive control, 
poly(A+) RNA was isolated total RNA prepared by TRIzol reagent from the 
same number of cells. Double-stranded cDNA was made and cloned into 
plasmid vectors as described in WO 98/51699 and United States application 
serial number 09/076, 1 1 5 . The number of primary clones obtained from the 
poly(A+)RNA was the same whether the mRNA was isolated directly from 
FTA® or from TRIzol-purified total RNA. The average insert size of the 
libraries was deterrnined by colony PCR using primers to the plasmid vector. 
The average insert size for the FTA®-derived material was greater than that 
for the library constructed from the positive control poly(A+)RNA, lOOObp vs 
600 bp. This indicates that cDNA libraries of good quality can be made from 
mRNA isolated directly from samples stored on FTA®. 

Having now fully described the present invention in some detail by 
way of illustration and example for purposes of clarity of understanding, it 
will be obvious to one of ordinary skill in the art that the same can be 
performed by modifying or changing the invention within a wide and 
equivalent range of conditions, formulations and other parameters without 
affecting the scope of the invention or any specific embodiment thereof, and 
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that such, modifications or changes are intended to be encompassed \n 
scope of the appended claims . ; 

All publications, patoiita and patent applications mention e d irTBTS 
s pe c ification ar o in d icative of tihri U a o l of aldll . o fui ^u J JU od in t hn n rt to . 
which thio invention pertains, n . n d ox c heroin in ouipo ratod by r n foronco to the 
saino extent as if each individual publication, p ate nt or patent r e plication wa r 
spooificaUy and individually indicated to bo inc ui p uiato d by m frrnnr* 
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40 < 21Q^ 1 
<211> 22 
<212> DMA 

<213> Artificial oGquoncQ , 
45 <220^ 

<223^ Pcocription of Artificial Sequence. Syntactic 
oligonucleotide 

<400» 1 

50 ctgcagtccc aggctattca gg 
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<212> DMA 

c213> Artificial ocquoncG 
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<223> Description of Artificial Ccqu ia i uc. Cynt T-nti n 
oligoxiuclcotidG 
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<400> 2 

agaettggac catgacggtg at 
, S3- 

5 ' 

• <210> 3 • 

c211> 21 

<2-12> DNA 

10 <213> Artificial ooqucncc 

<220> 1 

<222> Dcocription of Artificial Ccquonccv Synthetic 
oligonucleotide 

15 

<4 00> 3 

otgctgaaag agatgcggtg g 

20 

<210> 
<211> 21 
<2X2> DNA 

<213> Artificial acqucncc 

25 

<220> 

- - <223> -Description of Artificial Sequence: Synthetic 
— . oligonucleotide 

30 <100> 1 

tcttcccaaa atgecctgag t 



35 <210> 5 
<211? 23 
c212> DNA 

c213> ■ Artificial sequence 
40 <220> 

<223> Description of Artificial Sequence. Cynthot-O 
ol igonuclcotide 

<400> 5 

45 tcgccgatct gactaatgag gag 
- S3* 



<210> S 

50 . <211> 23 

<212> DNA 

<:213^, Artificial .sequence 
<22 0> 

55 <223> Description of Artificial Ccqucncci Synthetic 
o 1 i gonuc loot idc 

<400> 6 

atgegcttea ttgccttcac tec 
60 23r 
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^211> 22 
<212> DNA 
5 <213> ■ Artificial Goqucr.ce 

<220> 

<223> Dcaoription of Artificial CcqucncG . Cynthctxo 
- — oligonucleotide 

10 

<400> 7 

caagatgtgg aaoagtggat to 

15 

<210> — & 
<211> 25 
<212> DNA 

<213> Artificial sequence 

20 

<22 0 > 

^223 > Dcooription of Artificial Ccqucncci Synthetic 
oligonuclcotido 

25 <100> 8 

catctatctt gatgttgtaa caagc 



30 <210> 9 

<211> 1 8 

^-212> DNA 

<2 13 > Artificial sequence 
35 <22Q> 

<223> Deocription of Artificial Ccqucncc: Cynthctio 
oligonuclcotido 

< 4 00> 9 
40 cctcgccttt gecgatco 

4r8- 



■ <210> 10 

45 <211> 33 - 

<212> DNA 

<213> Artificial sequence 

<220> ' 

50 <223> Deocription of Artificial Sequence ; Cynthe 
= oligonucleotide 

<400> 10 

ggatcttcat gaggtagtaa gtc 
55 3^ 



<210> 11 
<211> ' 2 3 
60 <212> DNA 

<213 > Artificial sequence 



r' 
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10 



15 



<22Q> 

<223> Description of Artificial ScqucnGCt, Synthetic? 
oligonucleotid e 

<aoo> 11 

ccGQgtgaGa ggaggagacc atpa 
2" "3" 



<21Q> — 13- 
•<21X> 23 
<212> DNA 

<213> Artificial DGqucnco 



<220> 
<223> 

oligonucleotide 



^v, Dcccription of Artificial Sequence; Synthetic 



20 <100> 12 

atcctgtget ttttctgtgg gao 



25 <21Q> 13 

<211a> 51 

c212> DNA 

<213> Artificial sequence 

30 <220> , 
<223> Dcocription of Artificial Ccqucncot C^thctio 

oligonucleotide 

<400> 13 

35 gactagttct agatcgegag cggccgccct tttttttttt ttttttuttr 
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WHAT IS CLAIMED IS: 

1 . A method to produce one or more cDNA molecules. 

comprising: 

(a) contacting a sample comprising one or more mRNA 
5 templates with a solid support; and 

(b) contacting said templates with one or more reverse 
transcriptases under conditions sufficient to synthesize one or more 
cDNA molecules complementary to all or a portion of said templates. 

2. The method of claim 1 , wherein said cDNA is a cDNA library. 
10 3 . The method of claim 1 , wherein said mRNA is removed from 

said support prior to said cDNA synthesis. 

4. The method of claim 1, wherein said cDNA is double-stranded. 

5 . The method of claim 1 , further comprising amplifying said 

cDNA. 

15 6. A method for storing an RNA molecule, comprising: 

(a) contacting a cell comprising an RNA molecule to be 
stored with a solid support; and 

(b) drying the cell and the solid support. 

7. The method of claim 6, wherein the solid support is FTA® 

20 paper. 
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ABSTRACT OF THE DISCLOSURE 



Methods for the Storage and Synthesis of Nucleic Acids Usin^ 

Support 



COPY 

a Solid 



The invention relates to storage of nucleic acid (particularly mRNA) 
on a solid support and to using such nucleic acid in nucleic acid synthesis or 
amplification reactions. In a preferred aspect, the invention provides synthesis^ 
of cDNA and cDNA libraries. 
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